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This data book provides complete technical information on Fairchild's 
40008 Series Isoplanar CMOS family. The family encompasses a wide 
range of SSI, MSI and LSI devices offering the designer a complete 
spectrum of various circuit complexities 
all at highest performance. 


For easy reference to this broad range of devices, a number if indices, 
selection guides and cross references can be found in Sections 2 and 
3. 
• 


Since the first introduction 
of CMOS in the early 1970s, and as each 
new generation of designs was developed, a large variety of functional 
and performance parameters were generated by the industry creating 
a great deal of customer confusion. 


In late 1976, under the auspices of EIA/JEDEC, the CMOS vendor 
community 
accepted the formidable task of clearing this confusion 
via industry-wide standardization. The result, as found in Section 6 of 
this book, is the new "Jedec 
Industry Standard '8' Series CMOS 
Specification." 
Fairchild lauds EIA/JEDEC and the industry in total for· 


such a cooperative and valuable effort and encourages continuation 
of this trend. 


It should be noted that all Fairchild CMOS products have always, 
since first introduction 
in early 1974, complied with today's JEDEC 
CMOS specifications. 
Furthermore, it should be noted that Fairchild 
offers the only CMOS family which meets or exceeds all functional 
and performance parameters of all CMOS devices and generations of 
devices introduced to date. Fairchild continues to provide leadership 
in technology. 
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DEVICE 
NO. 


4001B 
4002B 
4006B 
4007UB 
4008B 
4011B 
4012B 
4013B 
4014B 
4015B 
4016B 
4017B 
4018B 
4019B 
4020B 
4021B 
4022B 
4023B 
4024B 
4025B 
4027B 
4028B 
4029B 
4030B 
4031B 
4034B 
4035B 
4040B 
4041B 
4042B 
4043B 
4044B 
4045B 
4046B 
4047B 
4049B 
4050B' 
4051B 
4052B 
4053B 
4066B 
4067B 


Quad 2-lnput 
NOR Gate 
7-11 
Dual 4-lnput 
NOR Gate 
7-11 
18-Stage Static Shift Register 
7-13 
Dual Complementary 
Pair Plus Inverter 
7-15 
4-Bit Binary Full Adder 
7-17 
Quad 2-lnput 
NAND Gate 
7-19 
Dual 4-lnput 
NAND Gate 
7-19 
Dual D Flip-Flop 
7-21 
8-Bit Shift Register 
7-24 
Dual 4-Bit Shift Register 
: 
7-27 
Quad Bilateral Switch 
7-30 
5-Stage Johnson Decade Counter 
7-33 
Presettable Divide-by-N 
Counter 
7-36 
Quad 2-lnput 
Multiplexer 
7-40 
14-Stage Binary Counter 
7-42 
8-Bit Shift Register 
: 
7-45 
4-Stage Divide-by-8 Johnson Counter 
7-47 
Triple 3-lnput 
NAND Gate 
7-49 
7-State Binary Counter 
7-50 
Triple 3-lnput 
NOR Gate 
7-53 
Dual JK Flip-Flop 
7-54 
1-of-10 Decoder 
,' 
7-57 
Synchronous 
Up/Down, 
Binary/Decade 
Counter 
7-59 
Quad Exclusive-OR Gate 
7-64 
64-Stage Static Shift Register 
7-65 
8-Bit Universal Bus Register 
7-67 
4-Bit Universal Shift Register 
7-73 
12-Stage Binary Counter 
7-76 
Quad True/Complement 
Buffer 
7-79 
Quad D Latch 
7-81 
Quad R/S Latch with 3-State Outputs 
7-84 
Quad R/S Latch with 3-State Outputs 
7-88 
21-Stage Binary Counter 
7-92 
Micropower 
Phase-Locked Loop 
7-93 
Low Power Monostable/Astable 
Multivibrator 
7-98 
Hex Inverting Buffer 
7-102 
Hex Non-I nverti ng Buffer 
7-102 
8-Channel Analog Multiplexer/Demultiplexer 
7-105 
Dual 4-Channel Analog Multiplexer/Demultiplexer 
7-108 
Triple 2-Channel Analog Multiplexer/Demultiplexer 
7-111 
Quad Bilateral Switch 
7-114 
16-Channel Analog Multiplexer/Demultiplexer 
7-117 
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DEVICE 
NO. 


40688 
4069U8 
40708 
40718 
40728 
40738 
40758 
40768 
40778 
40788 
40818 
40828 
40858 
40868 
40938 
41048 
45108 
45118 
45128 
45148 
45158 
45168 
45188 
45198 
45208 
45218 
45228 
45268 
45278 
45288 
45318 
45328 
45348 
45388 
45398 
45438 
45538 
45558 
45568 
45578 
45608 
45618 


8-lnput NAND Gate 
, 
7-121 
Hex Inverter 
7-122 
Quad Exclusive-OR Gate 
7-124 
Quad 2-lnput OR Gate 
7-125 
Dual 4-lnput OR Gate 
7-126 
Triple 3-lnput AND Gate 
7-127 
Triple 3-lnput OR Gate 
7-128 
Quad D Flip-Flop with 3-State Outputs 
7-129 
Quad Exclusive-NOR Gate 
7-133 
8-lnput NOR Gate 
7-134 
Quad 2-lnput AND Gate 
7-136 
Dual 4-lnput AND Gate 
7-137 
Dual 2-Wide. 2-lnput AND-OR-Invert 
Gate 
7-138 


4-Wide, 2-lnput AND-OR-Invert 
Gate 
7-140 
Quad 2-lnput NAND Schmitt Trigger 
7-142 
Quad Low Voltage-to-High 
Voltage Translater with 3-State Outputs 
7-143 
8CD Up/Down Counter 
7-146 
8CD to 7-Segment Latch/Decoder/Driver 
7-150 
8-lnput Multiplexer with 3-State Outputs 
:. 7-157 


1-of-16 Decoder/Demultiplexer 
with Input Latch 
7-162 
1-of-16 Decoder/Demultiplexer 
with Input Latch 
7-165 
8inary Up/Down Counter 
7-168 
Dual 4-8it Decade Counter 
7-172 
Quad 2-lnput Multiplexer 
7-175 
Dual 4-8it 8inary Counter 
'.' 
7-177 
24-Stage 8inary Counter 
7-180 
4-8it 8CD Programmable Down Counter 
7-181 


4-8it 8inary Programmable Down Counter 
7-181 
8CD Rate Multiplier 
7-186 
Dual Retriggerable Resettable Monostable Multivibrator 
7-188 


13-lnput Parity Checker/Generator 
7-193 
8-lnput Priority Encoder 
7-195 
Real Time 5-Decade Counter 
7-198 
Dual Precision Monostable Multivibrator 
7-200 
Dual 4-lnput Multiplexer 
7-201 
8CD to 7-Segment Latch/Decoder/Driver 
for Liquid Crystals 
7-203 
3-Digit 8CD Counter 
7-204 
DuaI1-of-4 
Decoder with Active HIGH Outputs 
7-208 
DuaI1-of-4 
Decoder with Active LOW Outputs 
7-208 
1-to-64-8it 
Variable Length Shift Register 
: 
7-211 
8CD Adder 
7-213 


9s Complementer 
'.' 
7-214 


DEVICE 
NO. 


4566B 
4581B 
4582B 
4583B 
4702B 
4703B 
4704B 
4705B 
4706B 
4707B 
4708B 
4710B 
4720B 
4721B 
4722B 
4723B 
4724B 
4725B 
4727B 
4731B 
4734B 
4735B 
4736B 
4737B 
4741B 
40014B 
40085B 
40097B 
40098B 
40160B 
40161B 
40162B 
40163B 
40174B 
40175B 
40192B 
40193B 
40194B 
40195B 


Industrial Time-Base Generator 
7-215 
4-Bit Arithmetic 
Logic Register Unit 
7-216 
Lookahead Carry Generator 
7-218 
Dual Schmitt Trigger 
7-221 
Programmable Bit Rate Generator 
7-224 
16 x 4 Parallel/Serial 
FIFO 
7-232 
Data Path Switch 
7-247 
Arithmetic 
Logic Register Stack 
7-252 
Program Stack 
7-260 
Data Access Register 
7-272 
Microprogram 
Sequencer 
7-280 
16 x 4-Bit Clc,ckec RAM with 3-State Output Register 
7-287 
256-Bit CMOS RAM 
7-292 
1024-Bit CMOS RAM (256 x 4) 
7-295 
Programmable Counter/Timer 
7-298 
Dual 4-Bit Addressable Latch 
7-307 
8-Bit Addressable Latch 
7-311 
64-Bit CMOS RAM 
7-315 


7-Stage Counter 
7-318 
Quad 64-Bit Static Shift Register 
7-320 
BCD-to-7-Segment 
Latch/Decoder/Driver 
with Ripple Blanking 
7-322 
2048-Bit CMOS ROM (256 x 8) 
7-328 


1024-Bit CMOS RAM (1024 x 1) 
7-338 


7-Stage Counter 
7-341 


4 x 4 Cross Point Switch 
7-343 
Hex Schmitt Trigger 
7-345 


4-Bit Magnitude Comparator 
7-347 


3-State Hex Non-Inverting 
Buffer 
7-351 


3-State Hex Inverting Buffer 
7-351 
4-Bit Synchronous 
Decade Counter with Asynchronous 
Reset 
7-355 
4-Bit Synchronous 
Binary Counter with Asynchronous 
Reset 
7-355 
4-Bit Synchronous 
Decade Counter with Synchronous 
Reset 
7-355 
4-Bit Synchronous 
Binary Counter with Synchronous 
Reset 
7-355 
Hex D Flip-Flop 
7-361 
Quad D Flip-Flop 
7-364 
4-Bit Up/Down Synchronous 
Decade Counter 
7-367 
4-Bit Up/Down Synchronous 
Binary Counter 
7-367 
4-Bit Bi-directional 
Universal Shift Register 
7-371 
4-Bit Universal Shift Register 
7-375 
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Counters 
4017B 
4018B 
4020B 
4022B 
4024B 
4029B 
4040B 
4045B 
4510B 
4516B 
4518B 
4520B 
4521B 
4522B 
4526B 
4534B 
4553B 
4566B 
4722B 
4727B 
4737B 
40160B 
40161B 
40162B 
40163B 
40192B 
40193B 


Registers 
4006B 
4014B 
4015B 
4021B 
4031B 
4034B 
4035B 
4557B 
4731B 
40194B 
40195B 


5-Stage Johnson 
Decade Counter 
7-33 
Presettable Divide-by-N 
Counter 
7-36 
14-Stage Binary Counter 
, 
7-42 
4-Stage Divide-by-8 
Johnson Counter 
7-47 
7-Stage Binary Counter 
7-50 
Synchronous 
Up/Down, 
Binary/Decade 
Counter 
7-59 
12-Stage Binary Counter 
7-76 
21-Stage Binary Counter 
7-92 
BDC Up/Down 
Counter 
7-146 
Binary Up/Down 
Counter 
7-168 
Dual 4-Bit Decade Counter 
7-172 
Dual 4-Bit Binary Counter 
7-177 
24-Stage Binary Counter 
7-180 
4-Bit BCD Programmable 
Down Counter 
7-181 
4-Bit Binary Programmable 
Down Counter 
7-181 
Real Time 5-Decade Counter 
7-198 
3-Digit 
BCD Counter 
7-204 
Industrial Time-Base Generator 
7-215 
Programmable 
Counter/Timer 
; 7-298 
7-Stage Counter 
7-318 
7-Stage Counter 
7-341 
4-Bit Synchronous 
Decade Counter with Asynchronous 
Reset 
7-355 
4-Bit Synchronous 
Binary Counter with Asynchronous 
Reset 
7-355 
4-Bit Synchronous 
Decade Counter with Synchronous 
Reset 
7-355 
4-Bit Synchronous 
Binary Counter with Synchronous 
Reset 
7-355 
4-Bit Up/Down 
Synchronous 
Decade Counter 
7-367 
4-Bit Up/Down 
Synchronous 
Binary Counter 
7-367 


18-Stage Static Shift Register 
7-13 
8-Bit Shift Register 
7-24 
Dual 4-Bit Shift Register 
7-27 
8-Bit Shift Register 
7-45 
64-Stage Static Shift Register 
7-65 
8-Bit Universal Bus Register 
7-67 
4-Bit Universal Shift Register 
7-73 
1-to-64 Variable Length Shift Register 
7-211 
Quad 64-Bit Static Shift Register 
7-320 
4-Bit Bi-directional 
Universal Shift Register 
7-371 
4-Bit Universal Shift Register 
7-375 


• 


Decoders and Demultiplexers 
4028B 
1-of-10 Decoder 
7-57 
4511B 
BCD to 7-Segment Latch/Decoder/Driver 
7-150 
4514B 
1-of-16 Decoder/Demultiplexer 
with Input Latch 
7-162 
4515B 
1-of-16 Decoder/Demultiplexer 
with Input Latch 
7-165 
4543B 
BCD to 7-Segment Latch/Decoder/Driver 
for Liquid Crystals 
7-203 
4555B 
Dual 1-of-4 Decoder with Active HIGH Outputs 
7-208 
4556B 
Dual 1-of-4 Decoder with Active LOW Outputs 
7-208 
4723B 
Dual 4-Bit Addressable Latch 
7-307 
4724B 
8-Bit Addressable Latch 
7-311 
4734B 
BCD to 7-Segment Latch/Decoder/Driver 
7-322 


Encoders 
4532B 
8-lnput Priority Encoder 
7-195 


Digital Multiplexers 
4019B 
Quad 2-lnput Multiplexer 
7-40 
4512B 
8-lnput Multiplexer with 3-State Outputs 
7-157 . 


4519B 
Quad 2-lnput Multiplexer 
7-175 
4539B 
Dual 4-lnput MUltiplexer 
7-201 


Analog Switches and Multiplexers/Demultiplexers 
4016B 
Quad Bilateral Switch 
7-30 
4051B 
8-Channel Analog Multiplexer/Demultiplexer 
7-105 
4052B 
Dual 4-Channel Analog Multiplexer/Demultiplexer 
7-108 
4053B 
Triple 2-Channel Analog Multiplexer/Demultiplexer 
7-111 
4066B 
Quad Bilateral Switch 
7-114 
4067B 
16-Channel Analog Multiplexer/Demultiplexer 
7-117 
4741B 
4 x 4 Crosspoint Switch 
7-343 


Latches 
4042B 
4043B 
4044B 
4511B 
4543B 
4723B 
4724B 
4734B 
40174B 
40175B 


Quad D Latch 
7-81 
Quad R/S Latch with 3-State Outputs 
7-84 
Quad R/S Latch with 3-State Outputs 
7-88 
BCD to 7-Segment Latch/Decoder/Driver 
7-150 
BCD to 7-Segment Latch/Decoder/Driver 
for Liquid Crystals 
7-203 
Dual 4-Bit Addressable Latch 
7-307 
8-Bit Addressable Latch 
7-311 
BCD to 7-Segment Latch/Decoder/Driver 
7-322 
Hex D Flip-Flop 
7-361 
Quad D Flip-Flop 
7-364 


Translators 
41048 
Quad Low VOltage-to-High Voltage Translator with 3-State Outputs 
7-143 


Arithmetic 
Operators 
40088 
4-8it 8inary Full Adder 
7-17 
45278 
8CD Rate Multiplier 
7-186 
45318 
12-8it Parity Checker/Generator 
7-193 
45328 
8-lnput Priority Encoder 
7-195 
45608 
8CD Adder 
7-213 
45618 
9s Complementer 
7-214 
45818 
4-8it Arithmetic Logic Register Unit 
7-216 
45828 
Carry Lookahead Generator 
7-218 
47048 
Data Path Switch 
7-247 
47058 
Arithmetic 
Logic Register Stack 
7-252 
47078 
Data Access Register 
7-272 
47088 
Microprogram Sequencer 
7-280 
400858 
4-8it Magnitude Comparator 
7-347 


NAND 
Gates 
40118 
Quad 2-lnput NAND Gate 
7-19 
40128 
Dual 4-lnput NAND Gate 
7-19 
40238 
Triple 3-lnput NAND Gate 
7-49 
40688 
8-lnput NAND Gate 
7-121 
40938 
Quad 2-lnput NAND Schmitt Trigger 
7-142 


AND Gates 
40738 
Triple 3-lnput AND Gate 
.'. 7-127 
40818 
Quad 2-lnput AND Gate 
7-136 
40828 
Dual 4-lnput AND Gate 
7-137 


NOR Gates 
40018 
Quad 2-lnput NOR Gate 
7-11 
40028 
Dual 4-lnput NOR Gate 
7-11 
40258 
Triple 3-lnput NOR Gate 
: 
7-53 
40788 
8-lnput NOR Gate 
7-134 


OR Gates 
40718 
40728 
40758 


Quad 2-1nput OR Gate 
7-125 
Dual 4-lnput OR Gate 
7-126 
Triple 3-lnput OR Gate 
7-128 


• 


· Inverters and Buffers 
4041B 
Quad True/Complement 
Buffer 
7-79 
4049B 
Hex Inverting 
Buffer 
7-102 
4050B 
Hex Non-Inverting 
Buffer 
7-102 
4069UB 
Hex Inverter 
7-122 
40097B 
3-State Hex Non-Inverting 
Buffer 
7-351 
40098B 
3-State Hex Inverting Buffer 
7-351 


Complex Gates 
4007UB 
Dual Complementary 
Pair Plus Inverter 
7-15 
4030B 
Quad Exclusive-OR Gate 
7-64 
4070B 
Quad Exclusive-OR Gate 
7-124 
4077B 
Quad Exclusive-NOR 
Gate 
7-133 
4085B 
Dual 2-Wide, 2-lnput 
AND-OR-Invert 
Gate 
',' 
7-138 
4086B 
4-Wide, 2-lnput 
AND-OR-Invert 
Gate 
7-140 
4093B 
Quad 2-lnput 
NAND Schmitt Trigger 
7-142 
4583B 
Dual Schmitt Trigger 
7-221 
40014B 
Hex Schmitt Trigger 
7-345 


Flip-Flops 
4013B 
4027B 
4076B 
40174B 
40175B 


Dual D Flip-Flop 
7-21 
Dual JK Flip-Flop 
7-54 
Quad D Flip-Flop with 3-State Outputs 
7-129 
Hex D Flip-Flop 
7-361 
Quad D Flip-Flop 
7-364 


Memories 
4703B 
4706B 
4710B 
4720B 
4721B 
4725B 
4735B 
4736B 


16 x 4 Parallel/Serial 
FIFO 
7-232 
Program Stack 
7-260 
16 x 4-Bit Clocked RAM with :-I-State Output Register 
7-287 
256-Bit CMOS RAM 
7-292 
1024-Bit CMOS RAM (256 x 4) 
7-295 
64-Bit CMOS RAM 
7-315 
2048 Bit CMOS ROM (256 x 8) 
7-328 
1024-Bit CMOS RAM (1024 x 1) 
7-338 


Frequency 
Gene'ator 
4702B 
Programmable 
Bit Rate Generator 
7-224 


Multlvlbrators, 
Phase-Locked 
Loops, Timers 
4046B 
Micropower 
Phase-Locked Loop 
7-93 
4047B 
Low-Power Monostable/Astable 
Multivibrator 
7-98 
4528B 
Dual Retriggerable 
Resettable Monostable Multivibrator 
7-188 
4538B 
Dual Precision Monostable Mulfivibrator 
7-200 
4722B 
Programmable 
Counter/Timer 
7-298 


Fairchild 
ReA 
Motorola 
National 
Solid State 
Texas 


Scientific 
Instruments 


4001B 
CD4001A/B 
MC14001A/B 
CD4001A/B 
SCL4001A/B 
TP4001A1B 


4002B 
CD4002A/B 
MC14002A1B 
CD4002A/B 
SCL4002A/B 
TP4002A/B 


4006B 
CD4006A/B 
MC14006A/B 
CD4006A/B 
SCL4006A/B 
4007UB 
CD4007A/UB 
MC14007A/UB 
CD4007A/UB 
SCL4007A/UB 
TP4007A/U 


4008B 
CD4008A/B 
MC1400BA/B 
CD4008A/B 
SCL4008A/B 
TP4008A/B 


4011B 
CD4011A/B 
MC14011A/B 
CD4011A/B 
SCL4011A/B 
TP4011A/B 


4012B 
CD4012A/B 
MC14012A/B 
CD4012A/B 
SCL4012A/B 
TP4012A/B 


4013B 
CD4013A/B 
MC14013A/B 
CD4013A/B 
SCL4013A1B 
TP4013A/B 
4014B 
CD4014A/B 
MC14014A/B 
CD4014A/B 
SCL4014A/B 
TP4014A/B 
4015B 
CD4015A/B 
MC14015A/B 
CD4015A/B 
SCL4015A1B 
TP4015A/B 


4016B 
CD4016A/B. 
MC14016A/B 
CD4016A/B 
SCL4016A/B 
TP4016A1B 
4017B 
CD4017A/B 
MC14017A/B 
CD4017A/B 
SCL4017A/B 
TP4017A/B 
4018B 
CD4018A/B 
MC1401BA/B 
CD4018A/B 
SCL4018A/B 
TP401BA/B 


4019B 
CD4019A/B 
CD4019A/B 
SCL4019A/B 
TP4019A/B 


4020B 
CD4020A/B 
MC14020A/B 
CD4020A/B 
SCL4020A/B 
TP4020A/B 


4021B 
CD4021A/B 
MC14021A/B 
CD4021A/B 
SCL4021A/B 
TP4021A/B 


4022B 
CD4022A/B 
MC14022A/B 
CP4022A/B 
SCL4022A/B 
TP4022A/B 
4023B 
CD4023A/B 
MC14023A/B 
CD4023A/B 
SCL4023A/B 
TP4023A/B 
4024B 
CD4024A/B 
MC14024A/B 
CD4024A/B 
SCL4024A1B 
TP4024A/B 
4025B 
CD4025A/B 
MC14025A/B 
CD4025A/B 
SCL4025A/B 
TP4025A/B 


4027B 
CD4027A/B· 
MC14027A/B 
CD4027A/B 
SCL4027A/B 
TP4027A1B 
4028B 
CD4028A/B 
MC1402BAlB 
CD4028A/B 
SCL402BAlB 
TP4028A/B 
4029B 
CD4029A/B 
CD4029A/B 
SCL4029A/B 
TP4029A/B 
4030B 
CD4030A/B 
CD4030A/B 
SCL4030A/B 
TP4030A/B 
4031B 
CD4031A/B 
CD4031A/B 


4034B 
CD4034A/B 
MC14034A1B 
CD4034A/B 
SCL4034A/B 
4035B 
CD4035A/B 
MC14035A1B 
CD4035A/B 
SCL4035A/B 
TP4035A/B 
4040B 
CD4040A/B 
MC14040A/B 
CD4040A/B 
SCL4040A/B 
TP4040A/B 
4041B 
CD4041A/B 
CD4041A1B 
SCL4041A/B 
TP4041A/B 
4042B 
CD4042A/B 
MC14042A/B 
CD4042A/B 
SCL4042A/B 
TP4042A/B 


4043B 
CD4043A/B 
MC14043A/B 
CD4043A/B 
SCL4043A/B 
TP4043A/B 
4044B 
CD4044A/B 
MC14044A/B 
CD4044A/B 
SCL4044A/B 
TP4044A/a- 


4045B 
CD4045A/B 
4046B 
CD4046A/B 
MC14046A1B 
CD4046A/B 
SCL4046A/B 
4047B 
CD4047A/B 
CD4047A/B 
TP4047A/B 


4049B 
CD4049A/UB 
MC14049A/UB 
CD4049A/UB 
SCL4049A/UB 
TP4049A/U 
4050B 
CD4050A/B 
MC14050A/B 
CD4050A/B 
SCL4050A/B 
TP4050A/B 
4051B 
CD4051A/B 
MC14051A/B 
CD4051A/B 
SCL4051A/B 
TP4051A/B 
4052B 
CD4052A/B 
MC14052A/B 
CD4052A/B 
SCL4052A/B 
TP4052A/B 
4053B 
CD4053A/B 
MC14053A1B 
CD4053A/B 
SCL4053A/B 
TP4053A1B 


4066B 
CD4066A/B 
MC14066A/B 
CD4066A/B 
SCL4066A/B 
TP4066A/B 
4067B 
CD4067B 
4068B 
CD4068B 
MC14068B 
SCL4068B 
TP4068B 
4069UB 
CD4069UB 
MC14069UB 
CD4069UB 
SCL4069UB 
TP4069UB 
4070B 
CD4070B 
MC14070B 
CD4070B 
SCL4070B 


4071B 
CD4071 B 
MC14071B 
CD4071 B 
SCL4071 B 
TP4071B 
4072B 
CD4072B 
MC14072B 
SCL4072B 
TP4072B 
4073B 
CD4073B 
MC14073B 
CD4073B 
SCL4073B 
TP4073B 
4075B 
CD4075B 
MC14075B 
CD4075B 
SCL4075B 
TP4075B 
4076B 
CD4076B 
MC14076B 
CD4076B 
SCL4076B 


• 


National 
Solid State 
Texas 
Fairchild 
RCA 
Motorola 
Scientific 
Instruments 


4077B 
CD4077B 
MC14077B 
SCL4077B 


40788 
CD40788 
MC14078B 
SCL4078B 
TP40788 


4081B 
CD4081B 
MC14081 
B 
CD4081 
B 
SCL40818 
TP4081B 


4082B 
CD40828 
MC140828 
SCL4082B 
TP4082B 


4085B 
CD4085B 


4086B 
CD4086B 


4093B 
CD4093B 
MC14093B 
CD4093B 
SCL4093B 
4104B 


4510B 
CD4510B 
MC14510B 
CD4510B 
SCL 14510B 


4511B 
CD451 1B 
MC14511B 
CD451 1B 
SCL14511B 
TP4511B 


4512B 
I14C14512B 
SCL14512B 
TP4512A1B 


4514B 
CD4514B 
MC14514B 
SCL14514B 
4515B 
CD4515B 
MC14515B 
SCL14515B 
4516B 
CD4516B 
MC14516B 
CD4516B 
SCL 14516B 
4518B 
CD4518B 
MC145188 
CD4518B 
SCL 14518B 
TP4518A18 


4519B 
MC14519B 
CD4519B 
TP4519A/B 
4520B 
CD4;20B 
MC14520B 
CD4520B 
SCL 14520B 
TP4520A/8 
4521B 
MC145218 
45228 
MC14522B 
SCL4522B 
TP4522A/8 
4526B 
MC14526B 
SCL 14526B 
TP4526A/B 


4527B 
CD4527B 
MC14527B 
CD4527B 
SCL 14527B 
4528B 
CD4098B 
MC14528B 
SCL 14528B 


4531B 
MC14531 
B 
SCL14531B 
TP4531A/B 
4532B 
CD4532B 
MC14532B 


4534B 
MC14534B 


4538B 
MC14538B 


4539B 
MC14539B 
TP4539A/B 


45438 
MC14543B 


4553B 
MC14553B 


4555B 
CD4555B 
MC14555B 
SCL14555B 


4556B 
CD4556B 
MC14556B 
SCL14556B 
4557B 
MC14557B 
4560B 
MC14560B 
4561B 
MC14561B 
4566B 
MC14566B 


4581B 
CD40181B 
MC145B1B 
SCL 145818 
TP4581A/B 
4582B 
CD401828 
MC14582B 
SCL 14582B 
TP4582A/B 
4583B 
MC14583B 
4702B 


4703B 


4704B 
47058 


4706B 


4707B 
4708B 


4710B 
4720B 
"CD4061A 
4721B 
CDP1822 
MM74C920 
47228 


4723B 
CD4723B 


-This 
device 
is a functional 
equivalent 
only. 


- -Tt)is 
device 
is a pin-for-pin 
compatible 
if leads 4 a~d 8 are tied 
together. 


Solid State 
Texas 
Fairchild 
RCA 
Motorola 
National 
Scientific 
Instruments 


47248 
CD40998* 
CD47248 
47258 
MM74C89 
47278 
47318 


47348 
MC145138 


47358 
47368 
CDP1821 
MM74C929 
47378 
47418 


400148 
CD401068 
MC145848 
MM74C14 


400858 
*MC145858 
MM74C85 
*SCL145858 
400978 
MC145038 
MM80C97 
400988 
MM80C98 
401608 
MC141608 
MM74C160 
SCL41608 
TP43608 
401618 
MC141618 
MM74C161 
SCL41618 
TP43618 


401628 
MC141628 
MM74C162 
SCL41628 
TP43628 
401638 
MC141638 
MM74C163 
SCL41638 
TP43638 
401748 
MC141748 
MM74C174 
401758 
MC141758 
MM74C175 
401928 
CD401928 
MM74C192 


401938 
CD401938 
MM74C193 
401948 
CC401948 
MC141948 
401958 
MM74C195 
• 


Package 
Fairchild 
RCA 
Motorola 
Solid Stat. 
Texas 
National 
Scientific 
Instruments 


Plastic DIP 
P 
E 
.p 
N 
E 
N 


Ceramic 
DIP 
° 
D or F 
L 
° 
° 
J 


Ceramic 
Flatpak 
F 
K 
- 
F 
F 
- 


Temperature 
Fairchild 
RCA 
Motorola 
National 
Solid Stat. 
Texas 


Range 
Scientific 
Instruments 


Military 
M 
D,K,F 
A 
54CXX 
0, F 
TF 


I-SSoC to 
Packages 
70CXX 
Packages 


+12SoCI 
Only 
M 
Only 


Commercial 
C 
E 
C 
C 
E 
TP 


1-40°C to 
Package 
Package 


+8S'C 
Only 
Only 


Commercial 
- 
- 
- 
74CXX 
- 
TL 


10°C to 
80CXX 


+70°CI 
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FAIRCHILD 4000 
SERIES CMOS 


GENERAL 
DESCRIPTION 
- 
Fairchild 
CMOS 
logic 
com- 


bines 
popular 
4000 
series functions 
with 
the 
advanced 


Isoplanar 
C process. The 
result 
is a logic 
family 
with 
a 


superior 
combination 
of noise immunity 
and standardized 


drive 
characteristics. 
Under static conditions, 
these devices 


dissipate 
very 
low 
power, 
typically 
10 nW per gate. The 


low 
power 
combined 
with 
the wide 
(3 to 
15 Vl 
recom- 


mended 
operating 
supply 
voltage 
requirement 
greatly 


minimizes 
power 
supply 
costs. 
The 
CMOS 
family 
is 


designed 
with 
standardized 
output 
drive 
characteristics 


which, 
combined 
with 
re.lative 
insensitivity 
to 
output 


capacitance loading, simplify 
system design. 


• 
LOW POWER - 
TYPICALLY 
10 nW PER GATE STATIC 


• 
WIDE OPERATING 
SUPPLY VOLTAGE 
RANGE 
- 
3 TO 15 V RECOMMENDED 


18 V ABSOLUTE 
MAXIMUM 


• 
HIGH NOISE IMMUNITY 
• 
BUFFERED 
OUTPUTS 
STANDARDIZE 
OUTPUT 
DRIVE 
AND 
REDUCE VARIATION 
OF PROPAGATION 
DELAY 


WITH 
OUTPUT 
CAPACITANCE 


• 
WIDE OPERATING 
TEMPERATURE 
RANGE 
COMMERCIAL 
-40oC TO +85°C 


MILITARY 
-55°C TO + 125?C 


• 
HIGH DC FAN OUT - 
GREATER 
THAN 
50 


ISOPLANAR 
C 


The Fairchild 
CMOS logic family 
uses Isoplanar 
C for high 


performance. 
This 
technology 
combines 
local 
oxidation 


isolation 
techniques 
with 
silicon gate technology 
to achieve 


an approximate 
35% to 
100% savings in area as shown in 


Figure 
4-1 a. Operating 
speeds are increased 
due 
to 
the 


self-alignment 
of 
the 
silicon 
gate 
and 
reduced 
side- 


wall capacitance. 


Conventional 
CMOS circuits 
are fabricated 
on an n-type 


substrate 
as shown 
in 
Figure 
4-1b. 
The p-type 
substrate 


required 
ror complementary 
n-channel MOS is obtained 
by 


diffusing 
a lightly 
doped p-region into the n-type substrate .• 
Conventional 
CMOS fabrication 
requires 
more 
chip 
area 


and has slower circuit 
speeds than Isoplanar 
C CMOS. This 


is' a result 
of the n+ or p+ channel 
stop which 
surrounds 
the 
p- 
or 
n-channels 
respectively 
in 
conventional 
metal 


gate CMOS. Silicon gate CMOS (Figure 4-1cl has a negligible 


reduction 
in area, though transient performance 
is improved. 


Fairchild 
CMOS logic 
is designed with 
the system user in mind. 
Output 
buffering 
is used on all devices to achieve high 
performance, 
standardized 
output 
drive, highest noise immunity 
and decreased ac sensitivity 
to output 
loading. 
Figure 4-2 
illustrates 
a conyentional 
unbuffered 
2-lnput 
NOR 
Gate. Either n-channel transistor 
connected 
to VSS (ground) 
conducts 
when either 
input 
is HIGH, 
causing the output 
to go LOW through 
the ON resistance of the device. If both inputs are HIGH, 
both n-channel devices are on; effectively 
halving the ON resistance, thereby 
making the output 
impedance (and bence fall 
time) 
a function 
of input variables. Similarly 
the p-channel devices are switched on by LOW signals; i.e., when both inputs are 
LOW, conduction 
from VDD to the output 
will occur. 


Since the p-channel 
devices are in series, their 
ON resistance must be decreased (larger chip 
area) to hold output 
HIGH 
impedance within 
specification. 
As the number of gate inputs 
increases, even larger p-channel devices are required, 
and the 
output 
impedance to VSS becomes even more pattern sensitive. 


A conventional 
unbuffered 
CMOS 2-lnput 
NAND 
Gate interchanges the parallel and serial transistor 
gating to achieve the 
NAND 
function 
(Figure 4-3). The changes in output 
resistance then move to the p-channel transistors 
connected 
to VDD, 
while the n-channel devices must be increased in size due to their serial connection. 


Fairchild 
CMOS uses small geometry 
logic transistors 
to generate the required function 
which drive standard low impedance 
output 
buffers 
(Figures 4-4 and 5). This technique 
reduces chip size, since only two large output 
transistors are required and 
rise and fall times are independent 
of input pattern. 
Buffered outputs also increase system speeds and make propagation 
delay 
less sensitive to output 
capacitance. 
Figure 4-6 illustrates 
typical 
propagation 
delay vs. output 
capacitance for conventional 
and buffered 
CMOS Gates. 


Another 
advantage of the Fairchild 
approach is improved 
noise immunity. 
Because of the increased voltage gain, nearly ideal 
transfer characteristics 
are realized as shown in Figure 4-7. The high gain (greater than 10,000) also provides significant 
pulse 
shaping; the waveforms 
of Figures 4-8 and 9 compare the output 
waveforms 
of conventional 
and buffered 
CMOS gates. For 
input 
transition 
times of 100 ns or less, the outputs of both gate types are similar. When the input transitions 
are stretched to 
one microsecond, 
the conventional 
gate exhibits 
increased transition 
times while the buffered 
gate has unchanged output 
transition 
times. 
This feature 
eliminates 
progressive deterioration 
of pulse characteristics 
in a system. The combination 
of 
Isoplanar C and buffered 
outputs 
results in new standards of CMOS logic performance. 
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Fig. 4-6 
Fig. 4-7 
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DESIGN CONSIDERATIONS 
WITH 
FAIRCHILD 
4000B 
SERIES CMOS 


INTRODUCTION 


Complementary 
MOS digital 
logic building 
blocks of SSI and 


MSI 
complexity 
have been hailed 
as the ideal logic family. 
'They 
are 
rapidly 
gaining 
popularity 
as more 
and 
more 


manufacturers 
introduce 
increasing 
numbers 
of 
parts 
at 


reasonable prices. 


Originally 
designed 
for 
aerospace applications, 
CMOS now 
finds its way into portable 
instruments, 
industrial 
and medical 


electronics, 
automotive 
applications 
and computer"peripherals, 


besides dominating 
the electronic 
watch market. 


In late 1973, Fairchild 
introduced 
the Fairchild 
4000B CMOS 
family, 
using 
Isoplanar 
technology 
to 
achieve 
superior 


electrical 
performance. 
Most 
of 
these devices are functional 


equivalents 
and pin·for·pin 
replacements 
of 
the well·known 
4000 series; some are equivalent 
to TTL circuits and some are 


proprietary 
logic designs. 


A few 
CMOS devices, such as bidirectional 
analog switches, 
exploit 
the unique 
features of CMOS technology; 
some take 


advantage 
of 
the 
smaller 
device 
size and 
higher 
potential 
packing 
density 
to achieve true LSI complexity; 
but most of 


the available CMOS elements today are of SSI and MSI com- 
plexity 
and perform 
logic functions 
that have been available in 
DTL or TTL 
for many years. Therefore, 
it is both helpful 
and 


practical 
to compare 
the performance 
of CMOS with 
that of 


the more familiar 
DTL/TTL 
(Figure 5-1). The TTL 
to CMOS 


Comparison 
Guide in Section 3 lists numerous CMOS circuits 


that are pinout 
identical to their TTL counterparts, 
others that 
are functionally 
identical only, still others that are similar and, 


in most cases,offer added features. 


CMOS speed is comparable 
to 74L-TTL 
and DTL, and about 


three to six times slower than 
TTL 
or Low Power Schottky 
(LS·TTL). 
Voltage 
noise immunity 
and fanout 
are almost 


ideal, supply 
voltage is noncritical, 
and the quiescent 
power 


consumption 
is close to zero-several orders of magnitude lower 
• 
than for any competing 
technology. 


Under static conditions, 
the p·channel (top) and the n-channel 
(bottom) 
transistors 
are not conducting 
simultaneously, 
thus 


only 
leakage current 
flows 
from 
the positive 
(V DO) to the 
negative 
(VSS) 
supply 
connection. 
This 
leakage current 
is 
typically 
0.5 nA 
per 
gate, 
resulting 
in 
very 
attractive 
low 
power consumption 
of 2.5 nW per gate (at 5 V). 


Whenever a CMOS circuit 
is exercised, 
when data or clock 


inputs 
change, additional 
power 
is consumed 
to charge and 


discharge capacitances (on-chip 
parasitic 
capacitances as well 
as load capacitances). 
Moreover, ,there is a short time during 


the transition 
when both 
the top and the bottom 
transistors 
are partially 
conducting. 
This dynamic 
power consumption 
is 


I 


FAIRCHILD 
FAIRCHILD 
4000B 
4000B 
PARAMETER 
STANDARD 
LOW POWER 
CMOS 
CMOS 
TTL 
74L 
DTL 
SCHOTTKY 
5 V SUPPLY 
10 V SUPPLY 


PROPAGATION 
DELAY 
(GATE) 
10 ns 
33 ns 
30 ns 
5 ns 
40 ns 
20 ns 


FLlp·FLOP 
TOGGLE 
FREOUENCY 
35 MHz 
3MHz 
5MHz 
45 MHz 
8MHz 
16 MHz 


QUIESCENT 
POWER (GATE) 
10mW 
1 mW 
8.5mW 
2mW 
10nW 
10nW 


NOISE IMMUNITY 
lV 
1 V 
1 V 
0.8 V 
2V 
4V 


FAN OUT 
10 
10 
8 
20 
50' 
50' 


-OR 
AS DETERMINED 
BY ALLOWABLE 
PROPAGATION 
DEL':I.Y 


Fig. 5·1 CMOS COMPARED 
TO OTHER 
LOGIC 
FAMILIES 


obviously 
proportional 
to the frequency at which the circuit 
is 


exercised, 
to 
the load capacitance and to the square of the 


supply 
voltage. 
As 
shown 
in 
Figure 
5-2, 
the 
power 


consumption 
of a CMOS gate exceeds that 
of a Low Power 
Schottky 
gate somewhere 
between 
500 kHz 
and 2 MHz of 


actual output 
frequency. 


At 
100 
transitions 
per 
second, 
the 
dynamic 
power 


consumption 
is far greater than the static dissipation; 
at one 


million 
transitions 
per 
second, 
it 
exceeds 
the 
power 
consumption 
of 
LS·TTL. 
Comparing the power consumption 
of more cJmplex 
devices (MSI) 
in various technologies 
may 


show a different 
result. 
In any complex design, only a small 
fraction 
of 
the 
gates 
actually 
switch 
at 
the 
full 
clock 


frequency, 
most gates operate at a much lower 
average rate 


aFldconsume, therefore, 
much less power. 


A 
realistic 
comparison 
of 
power 
consumption 
between 


different 
technologies 
involves 
a thorough 
analysis 
of 
the 


average switching 
speed of each gate in the circuit. 
The small 
static supply current, 
IDD is specified on individual 
data sheets 
for 5,10 
and 15 V. The dynamic 
power dissipation 
for 
5,10 


and 
15 V, 
15 and 
50 pF 
may be found 
in graph form 
for 
frequencies 
of 
100 Hz to 
10 MHz. The total 
power 
may be 


calculated, 
PT = (I DD X V DD) + dynamic 
power dissipation. 


CMOS is guaranteed to function 
over the unprecedented range 


of 3 to 15 V supply voltage. Characteristics are guaranteed for 


5, 
10 and 
15 V operation 
and can be extrapolated 
for 
any 


voltage in between. Op~ration 
below 4.5 V is not very mean- 


ingful 
because of 
the 
increase in delay 
(loss· of speed). the 


increase in output 
impedance and the loss of n~e 
immunity. 


Operation 
above 15 V 
IS not 
recommended 
beca\,se of high 


dynamic 
power consumption 
and risk of noise spikes on the 
power supply 
exceeding the breakdown 
voltage (typ >20 
V). 


causing SCR-Iatch-up 
and 
destroying 
the device unless the 
current is externally 
limited. 


The lower 
limit 
of power supply 
voltage, including 
ripple, 
is 


determined 
by the required noise immunity, 
propagation delay 
or interface to TTL. The upper limit of supply voltage, includ- 
ing ripple and transients, is determined 
by power dissipation or 
direct 
interface to TTL. 
The 4049B, 
4050B, 
4104B, 
40097B 


and 40098B 
provide level translation 
between TTL and CMOS 


when CMOS supply voltages over 5 V are used. While devices 


are usable to 
18 V, operation 
above 12 V is discouraged for 
reasons of power dissipation. 
' 
. 


Low 
static 
power 
consumption 
combined 
with 
wide supply 


voltage range make CMOS the ideal logic family 
for battery 


operated equipment. 
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very 
sensitive 
to 
capacitive 
loading. 
See 
Figure 5-3. 
The 


Fairchild 
4000B 
family 
uses 
both 
advanced 
processing 
(Isoplanarl 
and 
improved 
cjrcuit 
design (buffered 
gates) to 
achieve 
propagation 
delays 
and 
output 
rise times 
that 
are 
superior 
to 
any 
other 
junction-isolated 
CMOS 
design. 


(Silicon-on-sapphire, 
SOS, can achieve similar performance 
but 
at a substantial 
cost penalty). 


Isoplanar 
processing 
achieves 
lower 
parasitic 
capacitances 
which 
reduce 
the 
on-chip 
delay and increase the maximum 


toggle frequency 
of flip-flops, 
registers and counters. 
BUffering 


all outputs, 
even on gates, results in lower output 
impedance 
and thus reduces the effect of capacitive 
loading. 


Propagation 
delay 
is affected 
by three parameters: 
capacitive 


loading, supply voltage, and temperature. 


Historically, 
semiconductor 
manufacturers 
have always speci- 


fied 
the propagation 
delay at an output 
load of 
15 pF, not 
because 
anybody 
considers 
this 
a 
representative 
systems 


environment, 
but 
rather 
because it was the lowest 
practical 


test-jig 
capacitance. 
It 
also 
generated 
the 
most 
impressive 


specifications. 
TTL with an output 
impedance less than 100 n 
is little 
affected 
by an increase in capacitive loading; a 100 pF 


load increases the delay by only 
about 4 ns. CMOS, however, 


with 
an output 
impedance 
of 1 kn (worst case at 5 V) is 10 


times 
more sensitive to capacitive 
loading. 
Figure 5-4 shows 


the positive- 
and negative-going 
delays as a function 
of load 


capacitance. 
It 
should 
be noted 
that 
the 
older, 
unbuffered 


gates have an even higher output 
impedance, 
a larger depend- 


ence on output 
loading, and do not show the same symmetry. 
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Supply Voltage Effect 


Figure 5-5 shows propagation 
delay as a function 
of supply 
voltage and again indicates the symmetry 
of the positive- and 
negative-going delays. Increasing the supply voltage from 5 to 
10 V more than doubles the speed of CMOS gates. Increasing 
the 
supply 
voltage to 15 V almost 
doubles 
the speed again, 
but, as mentioned 
before, 
results 
in a significant 
increase 
in 
dynamic power dissipation. 


The best choice 
for slow applications 
is 5 V. For reasonably 
fast systems, 
choose 
10 or 12 V. Any application 
requiring 
15 V to achieve 
short 
delays 
and 
fa~t operation 
should 
be 
investigated 
for 
excessive 
power 
dissipation 
and should 
be 
weighed against an LS-TTL approach. 


Fig.5-Sa 
POSITIVE-GOING 
PROPAGATION 
OELAY 
VERSUS POWER SUPPLY VOLTAGE 
200 


Figure 5-6 shows propagation 
delay as a function 
of ambient 
temperature. 
The temperature 
dependence 
of CMOS is much 
simpler 
than 
with 
TTL, 
where 
three 
factors 
contribute- 
increase 
of beta with temperature, 
increase~resistor 
value 
with 
temperature, 
and decrease 
of junction 
forward 
voltage 
drop with increasing 
temperature. 
In CMOS, essentially 
only 
the 
carrier 
mobility 
changes, 
thus 
increasing 
the 
impedance 
and hence the delay with temperature. 
For 4000B devices, this 
temperature 
dependence 
is less than 0.3% per °C, practically 
linear over the full temperature 
range. Note that the com mer- 
ciar temperature 
range is -40 
to +85° C rather than the usual 0 
to +75°C. 
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CMOS 
delays 
increase 
with 
temperature. 
They 
are 
very 


sensitive to capacitive loading but can be reduced by increasing 


the supply voltage to 10 or even 15 V. 


To 
determine 
propagation 
delays, the 
effects 
of 
capacitive 


loading, supply voltage. manufacturing 
tolerances and ambient 


temperature 
must be considered. Start with the values of tpLH 
(propagation 
delay, 
a LOW·to·HIGH 
output 
transition) 
and 


tPHL 
(propagation 
delay. a HIGH·to·LOW 
output 
transition) 


given in the individual 
data sheets. Delay values for VDD at 5. 
10 
and 
15 V 
and 
output 
capacity 
of 
50 pF 
is provided. 


Manufacturing 
tolerances account for the differences between 


MIN, 
TYP 
and 
MAX. 
Starting 
with 
the 
nearest applicable 
delay value. correct for effects of capacitive loading, ambient 
temperature 
and 
supply 
voltage 
using 
the 
general family 


characteristics of Section 7. 
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NOISE IMMUNITY 
One of 
the most 
advertised 
and also misunderstood 
CMOS 
features is noise immunity. 
The input 
threshold 
of a CMOS 


gate is approximately 
50% of 
the supply 
voltage 
and the 
voltage transfer 
curve is almost 
ideal. As a result. CMOS can 
claim very good voltage noise immunity, 
typically 
45% of the 
supply 
voltage, i.e., 2.25 V in a 5 V system. 4.5 V in a 10 V 
system. Compare this with the TTL transfer curve in Figure 5·5 


and 
its 
resultant 
1 V 
noise 
immunity 
in a lightly 
loaded 
system and only 
0.4 
V worst 
case. 


Since 
CMOS output 
impedance, 
output 
voltage and input 
threshold 
are symmetrical 
with 
respect to the supply voltage, 


the 
LOW 
and 
HIGH 
level noise immunities 
are practically 
equal. Therefore. 
a CMOS system can tolerate ground or VDD 
drops and noise on these supply lines of more than 1 V, even 


in a 5 V system. Moreover, the inherent 
CMOS delays act as a 
noise filter; 
10 ns spikes tend to disappear in a chain of CMOS 


gates, but are amplified 
,in a chain of TTL 
gates. Because of 
these features, CMOS is very popular with designers of indus· 
trial 
control 
equipment 
that 
must operate in an electrically 
and electromagnetically 
"polluted" 
environment. 


Unfortunately 
these 
impressive 
noise 
margin 
specifications 


disregard one important 
fact: 
the output 
impedance of CMOS 


is 10 to 
100 times 
higher 
than 
that 
of 
TTL 
CMOS inter· 
connections 
are therfore 
less "stiff" 
and much more suscept- 


ible to 
capacitively 
coupled 
noise. In terms of such current 


injected 
crosstalk 
from 
high 
noise voltages 
through 
small 


coupling 
capacitances, 
CMOS has about 
six times less 
noise 


margin than TTL 
It takes more than 20 mA to pull 
a TTL 
output 
into 
the threshold 
region, but 
it takes only 
3 mA to 


pull a CMOS output 
into the threshold of a 5 V system. 


The nearly 
ideal transfer characteristic 
and the slow response 


of 
CMOS 
circuits 
make 
them 
insensitive 
to 
low 
voltage. 
magnetically 
coupled 
noise. 
The 
high 
output 
impedance, 


however. 
results 
in a poor 
rejection 
of capacitively 
coupled 


noise. 


When CMOS is operated with a 5 V power supply, interface to 
TTL 
is straightforward. 
The input impedance of CMOS is very 
high, so that any form of TTL will drive CMOS without 
loss of 
fan 
out 
in 
the 
LOW 
state. 
Unfortunately, 
most 
TTL 
has 
insufficient 
HIGH 
state 
voltage 
(typically 
3.5 
V) 
to 
drive 
CMOS reliably. 
A pull 
up resistor (1 kD. to 10 kD.) from the· 


output 
of the TTL 
device to the 5 V power supply will effec- 


tively 
pull the HIGH state level to 4.5 V or above. Alternately, 


DTL 
Hex inverters may be used between the TTL and CMOS. 


9LS 
Low 
Power Schottky 
and 93LOO Low 
Power TTl/MSI 
utilize the unique output 
configuration 
shown in Figure 5-8 to 


pull 
its output 
to VCC-VBC 
or approximately 
4.3 V when 
lightly 
loaded. 
• 


All 
Fairchild 
4000B logic elements will drive a single 9LS Low 


Power Schottky 
input fan in directly. 
A 9LS Hex inverter such 
as the 9LS04 makes an excellent 
low cost TTL 
buffer 
with 
a 
fan out of 20 into 9LS or 5 into standard TTL. 
Alternately, 


the 4049B and 4050B Hex buffers may be used to drive a fan 
out of 8 into 9LS or 2 into standard TTL. 


When 
operating 
CMOS at 
voltage 
higher 
than 
5 V 
direct 
interface 
to 
TTL 
cannot 
be used. The 
4104B 
Quad 
Level 
Translator 
converts 
TTL 
levels to high voltage CMOS up to 


15 V. The 4049B 
and 4050B 
Hex 
Buffers will 
accept high 
voltage 
CMOS 
levels 
up 
to 
15 V 
and 
drive 
2 
standard 
TTL loads. 


KEY 
TO 
OUTPUT 
HIGH 
lEVEl 
IS THE 
RESISTOR 
RETURNED 
TO 
THE 
OUTPUT 
RATHER 


THAN 
GROUND 


Fig. 5-8 
THE 93LOO AND 9LSOO TTL 
FAMILIES 
WILL 
DRIVE 
CMOS DIRECTLY 
WITH- 
OUT RESISTORS 
AS LONG AS 
THERE 
ARE ONL Y CMOS DEVICES 
BEING 
DRIVEN 
FROM THE OUTPUT. 


INPUT/OUTPUT 
CAPACITY 


CMOS devices exhibit input capacities in the 1.5 to 5 pF range 
and output 
capacity 
in the 3 to 7 pF range. 


All Fairchild 
4000B logic devices employ standardized 
output 
buffers. 
Section 7 details 
output 
characteristics. 
It should be 
noted that these impedances do not change with input pattern 
as do conventional 
CMOS gates. Buffers, analog switches and 
analog 
multiplexers 
employ 
special 
output 
configurations 
which are detailed 
in individual data sheets. 


INPUT PROTECTION 


The gate 
input 
to any 
MOS transistor 
appears 
like a small 
«1 
pF) 
very 
low 
leakage 
«10-12 
A) capacitor. 
Without 
special 
precautions, 
these 
inputs 
could 
be electrostatically 
charged to a high voltage, causing a destructive 
breakdown 
of 
the 
dielectric 
and 
permanently 
damaging 
the device. There- 
fore, all CMOS inputs are protected 
by a combination 
of series 
resistor 
and shunt 
diodes. 
Various 
manufacturers 
have used 
different 
approaches; 
some use a single diode, others 
use two 
diodes, and some use a resistor with a parasitic substrate diode. 


Each member 
of the 
Fairchild 
4000B 
family utilizes a series 
resistor, 
nominally 
200 n, and two diodes, one to VDD, 
and 
the 
other 
to 
VSS 
(Figure 
5-91. The resistor 
is a poly-silicon 
"true 
resistor" 
without 
a 
parasitic 
substrate 
diode. 
This 
ensures 
that 
the 
input 
impedance 
is always 
at least 200 n 
under all biasing conditions, 
even when VDD 
is short circuited 
to 
VSS' 
A parasitic substrate 
diode would represent 
a poorly 
defined shunt to VSS in this particular 
case. 


The diodes 
exhibit 
typical 
forward 
voltage drops of 0,9 V at 
1 mA and reverse breakdowns 
of 20 V for Dl and 20 V for 
D2. For 
certain 
special 
applications 
such 
as oscillators, 
the 
diodes 
actually 
conduct 
during 
normal 
operation. 
However, 
currents must be limited to 10 mA. 


Fig. 5-9 
4000B 
SERIES 
CMOS 
INPUT 
PROTECTION 
CIRCUIT 


HANDLING PRECAUTIONS 


All MOS devices are subject 
to damage by large electrostatic 
charges. 
All 
Fairchild 
4000B 
devices 
employ 
the 
input 
protection 
described 
in 
Figure 5-9, 
however, 
electrostatic 
damage 
can still occ~r. 
The 
following 
handling 
precautions 
should be observed. 


1. 
All 
Fairchild 
4000B 
devices 
are shipped 
in conducting 
foam 
or 
antistatic 
tubes. 
They 
should 
be removed 
for 
inspection 
or assembly using proper precautions. 


2. 
Ionized 
air 
blowers 
are 
recommended 
when 
automatic 
incoming inspection 
is performed. 


3. 
Fairchild 4000B devices, after removal from their shipping 
material, 
should 
be 
placed 
leads 
down 
on a grounded 
surface. 
Conventional 
cookie 
tins 
work 
well. 
Under 
no 
circumstances 
should 
they be placed in polystyrene 
foam 
or 
plastic 
trays 
used 
for 
shipment 
and 
handling 
of 
conventional 
ICs. 


4. 
Individuals and tools should be grounded 
before coming in 
contact 
with 4000B devices. 
5. 
Do not 
insert 
or remove 
devices 
in sockets 
with 
power 
applied_ 
Ensure 
power 
supply 
transients, 
such 
as occur 
during 
power 
turn-on 
or off; do not 
exceed 
maximum 
ratings. 
6. 
In the 
system, 
all unused 
inputs 
must be connected 
to 
either a logic HIGH or logic LOW level such as VSS' VDD 
or the output 
of a logic element. 


7. 
After assembly on PC boards, ensure that static discharge 
cannot 
occur during storage or maintenance. 
Boards may 
be stored 
with their connectors 
surrounded 
with conduc· 
tive foam. 
Board input/output 
pins may be protected 
with 
large value resistors (10 Mn) to ground. 


8. 
In extremely 
hostile 
environments, 
an additional 
series 
input resistor (10 to 100 kn) 
provides even better protec- 
tion at a slight speed penalty_ 


Designing with CMOS is generally an easy transition 
and allows 
the designer to discard many of the old design inhibitions 
for 
new found freedoms. 
A few of these are: 


Fan out-It 
is practically 
unlimited 
from 
a dc point of view 
and is restricted 
only by delay and rise time considerations. 


Power 
Supply 
Regulation-Anything 
between 
3 V and 
15 V 
goes, as long as all communicating 
circuits 
are fed from the 
same voltage. 


Ground 
and VCC Line Drops-The 
currents 
are normally 
so 
small that there is no need for heavy supply line bussing. 


VCC Decoupling-It 
can be reduced 
to a few capacitors 
per 
board. 


Heat Problems-They 
do not exist, unless an attempt 
is made 
to run CMOS very fast and from more than 10 V_ 


It should also be noted that there are a few warnings called for 
when designing with CMOS and that many of the hard-earned 
good engineering 
basics cannot be forgotten. 
A few of the new 
design challenges include: 


Unused 
Inputs-They 
must 
be connected 
to 
VSS or 
VDD 
(VCC 
or ground) 
lest they 
generate a logical 
"maybe". 
The 


bad TTL 
habit of leaving unused inputs open is definitely 
out. 


Oscillations-Slowly 
rising or falling 
input 
signals can lead to 


oscillations 
and multiple 
triggering. 
A 
poorly 
regulated and 
decoupled 
power 
supply 
magnifies 
this 
problem 
since the 


CMOS input threshold varies with the supply voltage. 


Timing 
Details-Even 
slow systems require a careful analysis of 


worst 
case timing 
delays, derated for maximum 
temperature, 


minimum 
supply 
voltage 
and maximum 
capacitive 
loading. 
Many CMOS flip-flops, 
registers and latches have a real hold 
time requirement, 
i.e., inputs must remain stable even after the 
active 
clock 
edge; some require 
a minimum 
clock 
rise time. 


This hasn't 
been a problem 
with 
TTL. 
CMOS systems, even 


slow 
ones, are prone 
to 
unsuspected 
clock 
skew problems, 


especially 
since a heavily 
loaded clock 
generator 
can have a 


poor rise time. 


Compatibility- 
The TTL 
designer knows that devices sold by 
different 
manufacturers 
under the same generic part number 


are electrically 
almost 
identical. 
Many semiconductor 
houses 


manufacture 
4000·type 
devices with 
wine variations in output 
drive capability 
and speed. Sometimes even the functions 
are 


different 
and incompatible; 
two cases in point are the 1-of-1 0 
decoder 
(CD4028A 
and 
MC14028) 
and 
the 
magnitude 


comparator 
(MC14585 and MM74C85). 


Data 
Sheet 
Format-The 
original 
CMOS 
data 
sheets may 
appear confusing 
to the TTL 
user because a range of input 


voltage requirements 
is not specified. Rather, this information 
is contained 
in a "noise 
immunity" 
specification 
and is not 
immediately 
obvious. 


Both TTL 
and CMOS tolerate 
deviations from 
the ideal LOW 


and 
HIGH 
input 
voltages. 
TTL 
is 
therefore 
specified 
as 


follows: 


Any 
voltage 
below 
0.8 V 
is considered 
LOW; any voltage 
above 
+2.0 V 
is considered 
HIGH. 
The actual 
threshold 
is 


somewhere 
in between these values, depending 
on manufac- 


turing tolerances, supply voltage, and temperature. 


Fairchild's 
4000B 
CMOS is specified 
in a similar 
way. 
For 


VDD 
= 5 V; 


MIN 
MAX 


3.5 


The CD4000 
data sheets, on the other hand, do not callout 
V IH and V I L but specify a "noise immunity" 
which 
is some- 
what 
arbitrarily 
defined 
relative 
to 
the 
appropriate 
supply 


voltage. 


VNL 
= 
VIL 


VNH = 
VDD - 
VIH 


For VDD = 5 V, therefore 
VNL = 1.5 V min is equivalent to VI L = 1.5 V max 
VNH = 1.4 V min is equivalent to VIH = 3.6 V min, etc. 


Systems Oriented MSI-Available 
CMOS circuits, especially the 
original 
4000 
series, are not as well suited for 
synchronous 
systems as are the 9300/7400 
TTL families. Control 
polarities 


are inconsistent; 
many circuits cannot be cascaded or extended 
synchronously 
without 
additional 
gates, etc. This will improve 


as more good synchronous 
building 
blocks, 
like the 40160B 
are introduced. 
• 
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JEDEC 
Industry 
Standard "B" 
Series 
CMOS 


Throughout 
first half of 1976 the CMOS vendor industry, 
in total, 
was invited to participate 
in the generation 
of a new JEDEC Industry 
Standard CMOS "8" 
Series specification. 
Unanimous 
agreement was reached and 
confirmed 
by industrywide 
ballot 
in late 1976. 


This section 
is meant to extend 
knowledge 
of the new Industry 
Standard 
"8" 
Series CMOS specification 
to the customer 
and ensure that all Fairchild 
CMOS products 
meet or exceed all specifications 
of the new 
JEDEC standard. 


In fact, since first 
introduction 
of the Isoplanar 
CMOS Family 
in 1973, all Fairchild 
CMOS products 
have 
been designed 
and tested 
to 
meet 
or exceed the 
more 
recently 
announced 
JEDEC 
specifications. 
The 
following 
is a compilation 
of the definitions 
and parametric 
specifications 
as listed in the JEDEC "Standard 
Specifications 
for description 
of '8' Series CMOS devices". 


• 


1. Purpose 


To develop a standard of "B" 
Series CMOS Specifications 
to provide for uniformity, 
multiplicity 
of sources, 


elimination 
of confusion, 
and ease of device specification 
and system design by users. 


1.2 Scope 


This Tentative 
Standard covers standard specifications 
for description 
of "B" 
Series CMOS devices. 


2. DEFINITIONS 


2.1 
"B" 
Series 


"B" 
Series CMOS includes both buffered 
and unbuffered 
devices. 


2.2 
"Buffered" 


A buffered 
output 
is one that has the characteristic 
that the output 
"on" 
impedance is independent 
of any 


and all valid input 
logic conditions, 
both preceding and present. 


3. STANDARD 
SPECIFICATIONS 


3.1 Listing 
of Standard 
DC Specifications. 
Table 6-2 lists the standard 
dc specifications 
for 
"B" 
Series 


CMOS devices. 


DC Supply 
Voltage 
VDD 
-0.5to+18 
Vdc 
Input 
Voltage 
VIN 
-0.5 
to VDD +0.5 
Vdc 
DC Input 
Current 
IIN 
±10 
mAdc 
(anyone 
input) 


Storage Temperature 
Range 
TS 
-65 to +150 
°c 


DC Supply 
Voltage 
Operating Temperature 
Range 
Military·Range 
Devices 


Commercial-Range 
Devices 


-55 to +125 
-40 
to +85 


3.4 
Designation 
of "B" 
Series CMOS Devices 


Those parts which 
have analog inputs 
and/or 
outputs 
shall be included 
in the "B" 
Series providing 
those 
parts' maximum 
ratings and logical input and output 
parameters conform 
to the "B" 
Series, such as (includ- 
ing, but not limited 
to): 


Schmitt 
Triggers 
Analog Switches and Multiplexers 
One Shot Multivibrators 
and Oscillators 
4511 B BCD to 7-Segment LatchlDecoderlDriver 
4046B 
Micropower 
Phase Lock Loop 


Products that 
meet "B" 
Series specifications 
except that the logical outputs 
are not buffered 
and the VI L 
and VIH 
specifications 
differ 
from 
"B" 
series as shown in Table 6-1 shall be marked with the UB designa- 
tion, such as (including, 
but not limited 
to): 


4007UB 
4069UB 


TEMP 
VDD 
LIMITS 
PARAMETER 
CONDITIONS 
UNITS 
RANGE 
(Vdc) 
TLOW 
25°C 
THIGH 


Vo 
= 


VIL 
Input 
LOW 
All 
5 
0.5 V or 4.5 V 
1 
1 
1 
V 


(max) 
Voltage 
10 
1.0 V or 9.0 V 
2 
2 
2 


15 
1.5 Vor 
13.5 V 
2.5 
2.5 
2.5 


1101,,1 
jjA 


Va 
= 


VIH 
Input 
HIGH 
All 
5 
0.5 V or 4.5 V 
4 
4 
4 
V 


(min) 
Voltage 
10 
1.0 V or 9.0 V 
8 
8 
8 


15 
1.5 V or 13.5 V 
12.5 
12.5 
12.5 


1101<;' 
jjA 
• 


LIMITS 


TEMP. 
VDD 
+25°C 
THIGH" 
UNITS 
SYMBOL 
PARAMETER 
CONDITIONS 
TLOW' 
RANGE 
(Vdcl 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 


5 
0.25 
0.25 
7.5 
Quiescent 
Mil 
10 
VIN = VSS or VDD 
0.5 
0.5 
15 
"Ade 
Device Current 
15 
1 
1 
30 


5 
1 
1 
7.5 


GATES 
Comm 
10 
All valid input 
combinations 
2 
2 
15 
"Ade 


15 
4 
4 
30 


5 
1 
1 
30 


Mil 
10 
VIN = VSS or VDD 
2 
2 
60 
"Ade 


BUFFERS, 
15 
4 
4 
120 
IDD 
FLIP-FLOPS 
5 
4 
4 
30 


Comm 
10 
All valid input combinations 
8 
8 
60 
"Ade 


15 
16 
16 
120 


5 
5 
5 
150 


Mil 
10 
VIN 
= VSS or VDD 
10 
10 
300 
"Ade 


15 
20 
20 
600 
MSI 


5 
20 
20 
150 


Comm 
10 
All valid input combinations 
40 
40 
300 
"Ade 


15 
80 
80 
600 


5 
0.05 
0.05 
0.05 
LOW-Level 
VIN = VSS or VDD 
VOL 
All 
10 
0.05 
0.05 
0.05 
Vde 
Output Voltage 
15 
1101< 1 "A 
0.05 
0.05 
0.05 


5 
4.95 
4.35 
4.95 
HIGH-Level 
VIN = VSS or VDD 
VOH 
All 
10 
9.95 
9.95 
9.95 
Vde 
Output 
Vot tage 
15 
1101<, 
"A 
14.95 
14.95 
14.95 


5 
Vo = 0.5 V or 4.5 V 
1.5 
1.5 
1.5 


VIL ' •• 


Input 
LOW 
10 
Vo = 1 V or 9 V 
3 
3 
3 
Vde 
All 
Voltage 
15 
Vo = 1.5 V or 13.5 V 
4 
4 
4 


1101< 1 "A 


5 
Vo - 0.5 V or 4.5 V 
3.5 
3.5 
3.5 


VIH'" 
Input 
HIGH 


All 
10 
Vo = 1 V or 9 V 
7 
7 
7 
Vde 
Voltage 
15 
Vo = 1.5 V or 13.5 V 


11 
'1 
11 


1101< 1 "A 


5 
V 0 - 0.4 V, V IN - 0 or 5 V 
0.64 
0.51 
0.36 


Mil 
10 
VO= 
0.5 V, VIN =Oor 
10V 
1.6 
1.3 
0.9 
mAde 


IOL 
Output 
LOW 
15 
VO=1.5V,VIN=00r15V 
4.2 
3.4 
2.4 


(Sink) Current 
5 
VO= 
0.4 V, VIN =Oor 
5 V 
0.52 
0.44 
0.36 


Comm 
10 
VO= 
0.5 V, VIN =Oor 
10V 
1.3 
1.1 
0.9 
mAde 


15 
VO= 
1.5V, 
VIN =Oor 
15 V 
3.6 
3 
2.4 


5 
Vo - 4.6 V, VIN - 0 or 5 V 
-0.25 
-0.2 
-0.14 


Mil 
10 
Vo = 9.5 V, VIN = 0 or 10 V 
-0.62 
-0.5 
-0.35 
mAde 


Output 
HIGH 
15 
Vo 
= 13.5 V, VIN = 0 or 15 V 
-1.8 
-1.5 
-1.1 
'OH 
(Source) Current 
5 
Vo 
= 4.6 V, VIN 
= 0 or 5 V 
-0.2 
-0.16 
-0.12 


Comm 
10 
VO= 
9.5V, 
VIN = Oor 10 V 
-0.5 
-0.4 
-0_3 
mAde 


15 
VO=13.5V,VIN=00r15V 
-1.4 
-1.2 
-1 


Mil 
15 
VIN 
=Oor 
15V 
.0.1 
.0.1 
.1 


IIN 
!nput Current 
"Ade 
Comm 
15 
VIN=00r15V 
.0.3 
.0.3 
.1 


3-State 
Mil 
15 
Vo = 0 Vor 
15 V 
±O.4 
.0.4 
.12 
Output 


IOZ 


Leakage 
"Ade 
Comm 
15 
Vo=OVor15V 
.1.6 
' ±1.6 
±12 
Current 


CIN 


Input Capacitance 
All 
- 
Any input 
7.5 
pF 
per Unit 
Load 


·TLOW:: 
-5SoC 
for 
Military 
Temp. 
Range 
device. 
_40°C 
for 
Commercial 
Temp. 
Range 
device 
• -THIGH:: 
+12SoC 
for 
Military 
Temp. 
Range 
device, 
+8SoC 
for 
Commercial 
Temp. 
Range 
device 


••• 
V I L and 
V I H specifications 
apply 
to worst 
case input 
combinations. 


Figure 
6-1 shows the standard AC (Dynamic) 
test configuration 
and conditions. 
Dynamic 
electrical 
symbols 
and parametric 
definitions 
are listed in Table 6-3. Figures 6-2 through 
6-5 show standard AC characteristic 
test waveforms .. 


CL 
RL 
TA 


VDD 


tr 
== tf 
== 


50 pF 
200 k n 
25°C 
5,10,15 
V 
20 ns 


DEVICE 
UNDER 
TEST 


CHARACTERISTIC 
I 
SYMBOL 
LIMITS 
NOTES 


MAX. 
MIN. 


PROPAGATION 
DELAY: 


Outputs going HIGH-ta-LOW 
'PHL 
X 


Outputs 
going LOW-ta-HIGH 
'pLH 
X 


OUTPUT 
TRANSITION 
TIME: 


Outputs 
going HIGH·lo·LOW 
tTHL 
X 


Outputs going LOW·ta-HIGH 
'TLH 
X 


PULSE WIDTH 
- 
Set, Reset, Preset, 


Enable. 
Disable. 
Strobe, 
Clock 
'WL 
or tWH 
X 
1 


CLOCK 
INPUT 
FREQUE~CY 
FCL 
X 
1,2 


CLOCK 
INPUT 
RISE & FALL 
TIME 
trCL, 
tlCL 
X 


SET-UP TIME 
tsu 
X 
1 


HOLD-TIME 
tH 
X 
1 


REMOVAL 
TIME 
- 
Set, Resel, Preset, Enable 
tREM 
X 
1 


THREE 
STATE 
DELAY 
TIMES: 


HIGH 
level·to·tTigh 
imp~dance 
tpHZ 
X 


High impedance-ta-LO 
level 
tpZL 
X 


LOW 
level-ta-high 
impedance 
tpLZ 
X 


High impedance-ta-HIGH 
level 
'pZH 
X 


NOTES: 


1) 
By placing 
a defining 
min or mc;l:x 
in front 
of definition, 
the limits can change from 
min to max, or vice versa. 


2) 
Clock 
input 
waveform 
should h~ve a 50% duty 
cycle and be such as to cause the outputs 
to be switching 
from 
10% Vao 
to 90% VOO 
in 


accordance 
with 
the device truth 
table. 


• 


i 


VDD 


-_-_-_~ 
90% 


SET 
RESET 
ENABLE 


OR 
PRESET i-- 


50%- 
~~----------------vSS 
• 


g,:~_~ 
,_ons 
__ 
~_'"' 
,"_ns 
__ 
VDD 


I 
I - 
VSS 
r- 'PZL-I 


~'"'~1 
~_J~_:~~ 


OUTPUTS 
I 
OUTPUTS 
,.. , - 
OUTPUTS 
CONNECTED--"' 
••----- 
DISCONNECTED---~-'r-- 
CONNECTED-- 


OTHER I 
INPUTS 


DEVICE 
UNDER 
TEST 
WITH 


3·STATE 
OUTPUT 


{ 


VDD for lpLZ 
and lpZL 


VSS for lPHZ and lpZH 


CL 
I50PF 


4070B 
4071B 
4072B 
4073B 
4075B 
4076B 
4077B 
4078B 
4081B 
4082B 
4085B 
4086B 
4093B 
4104B 
4510B 
4511B 
4512B 
4514B 
4515B 
4516B 
4518B 
4519B 
4520B 
4521B 
4522B 
4526B 
4527B 
4528B 
4531B 
4532B 
4534B 
4538B 
4539B 


To order 
Fairchild 
Industry 
Standard 
"B" 
Series CMOS ... 


4001B 
4002B 
4006B 
4007UB 
4008B 
4011B 
4012B 
4013B 
4014B 
4015B 
4016B 
4017B 
4018B 
4019B 
4020B 
4021B 
4022B 
4023B 


4024B 
4025B 
4027B 


4028B 
4029B 
4030B 
4031B 
4034B 
4035B 
4040B 
4041B 
4042B 
4043B 
4044B 
4045B 
4046B 
4047B 
4049B 
4050B 
4051B 
4052B 
4053B 
4066B 
4067B 
4068B 
4069UB 


4543B 
4553B 
4555B 
4557B 
4560B 
4561B 


4566B 
4581B 


4582B 
4583B 
4702B 
4703B 
4704B 
4705B 
4706B 
4707B 
4708B 
4710B 
4720B 
4721B 
4722B 
4723B 
4724B 


4725B 
4727B 
4731B 
4734B 
4735B 
4736B 
4737B 
4741 B 
40085B 
40097B 
40098B 


40160B 
40161B 
40162B 


40163B 
40174B 
40175B 
40192B 
40193B 
40194B 
40195B 
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ORDER 
AND 
PACKAGE 
INFORMATION 


Fairchild 
integrated 
circuits 
may be ordered 
using a simplified 
purchasing 
code where 
the package style 
and 
temperature 
range are defined 
as follows: 
. 


PACKAGE 
CODE 


D = Dual 
In-line 
- 
Ceramic 
(hermetic) 
P = Dual 
In-line 
- 
Plastic 
F = Flatpak 


TEMPERATURE 
RANGE 
CODE 


C = Commercial 


-40°C 
to +85°C 


M = Military 
-55°C 
to +125°C 


4001B 
-r- 


D 
CIL T,mp,,,,",, 
Range Code 


Package 
Code 


'--- 
Device 
Type 
(or 4007UB) 


I INTRODUCTION 
I NUMERICAL 
INDEX OF DEVICES 


I 


SELECTION 
GUIDES AND CROSS 
. REFERENCE 


FAIRCHILD 
4000B SERIES CMOS- 
GENERAL 
DESCRIPTION 


DESIGN CONSIDERATIONS 
WITH FAIRCHILD 
4000B SERIES CMOS 


JEDEC 
INDUSTRY 
STANDARD 
"B" 
SERIES CMOS SPECIFICATIONS 
I TECHNICAL 
DATA 


I APPLICATIONS 
INFORMATION 


FAIRCHILD 
ORDERING 
INFORMATION 
AND PACKAGE 
OUTLINES 


FAIRCHILD 
FIELD SALES OFFICES, 
SALES REPRESENTATIVES 
AND 
DISTRIBUTOR 
LOCATIONS 


••• 
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FAIRCHILD 40008 
SERIES 
CMOS FAMILY CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Non-operating) 
above which 
useful life may be impaired. All voltages are referenced to VSS. 


Supply 
Voltage 
VOD 
Voltage on any Input 


Current 
into 
any 
Input 


Maximum 
Power 
Dissipation 


Storage 
Temperature 
Lead Temperaturf'! 
(Soldering, 
10 s) 


-0.5 to 18 V 


-0.5 
to VDD 
+0.5 V 


±10 
mA 
400 mW 
-65"C 
to 150"C 
300°C 


RECOMMENOED 
OPERATING 
CONDITIONS 


Fairchild 
CMOS will 
operate ov~r a recommended 
VOO power 
supply 
range of 3 to 15 V, as referenced to VSS (usually ground). 
Parametric 
limits 
are guaranteed 
for 
VOD equal to 5, 10 and 15 V. Where tow power dissipation 
is required, the lowest power supply voltage, consistent 


with 
required 
speed, should be used. For larger noise immunity, higher power supply voltages should be specified. Because of its wide operating 
range, power supply 
regulation 
and filtering 
are less critical 
than with 
other 
types of logic. The lower limit 
of supply 
regulation 
is 3 V, or as 
determined 
by required system speed and/or 
noise immunity 
or interface 
to other logic. The recommended 
upper limit 
is 15 V or as determined 


by power dissipation 
constraInts 
or interface 
to other logic. 


Unused inputs must be connected 
to Voo. 
VSS or another Input. 


Care should be used in handling CMOS devices; large static charges may damage the device. 


Operating 
temperature 
ranges are -40 
C to +85 C for Commercial 
and -55 
C to +125 C for Military. 


~ 
~lope 
Tem 


4000BXC 
4000BXM 
AMETER 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


ply Voltage. VOO 
3 
15 
3 
15 
V 


rating Free Air 
-40 
+25 
+85 
-55 
+25 
+125 
°c 
perature Range 
• 


LIMITS 
SYMB9L 
PARAMETER 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 


VIH 
Input HIGH 
Voltage 
3.5 
V 
All 
Guaranteed Input HIGH 
Voltage 


VIL 
Input LOW Vol tage 
1.5 
V 
All 
Guaranteed Input Low Voltage 


4.95 
Min, 25"C 
IOH < 1 jJ.A, Inputs 
at a or 5 V per 
V 
VOH 
Output 
HIGH Voltage 
4.95 
MAX 
the Logic Function 
or Truth 
Table 


4.5 
V 
All 
IOH < 1 ~A, Inputs at 1.5 or 3.5 V 


0.05 
MIN,25 
C 
tOL < 1 J,JA,Inputs 
at a or 5 V per 
V 
VOL 
Output 
LOW Voltage 
0.05 
MAX 
the Logic Function or Truth Table 


0.5 
V 
All 
IOL < 1 ~A, Inputs at 1.5 or 3.5 V 


-0.63 
MIN,25"C 
VOUT 
= 


IOH 
Output 
HIGH 
Current 
mA 
-0.36 
MAX 
4.6 V 
Inputs at 0 or 5 V per 


1 
MIN, 
the Logic Function cr 


IOL 
Output 
LOW Current 
0.8 
mA 
25"C 
VOUT 
= 
Truth 
Table 
0.4 V 


0.4 
MAX 


CIN 
Input Capacitance 


7.5 
pF 
25°C 
Any Input 


Per Unit 
Load 


1 
MIN,25"C 
XC 
~A 
7.5 
MAX 
Gates 
MIN,25°C 
0.25 


XM 
~A 
7.5 
MAX 


Quiescent 
4 
MIN,25°C 
XC 
~A 


Power 
Buffers 
and 
30 
MAX 
All 
Inputs at 0 V or VOO 
for 


100 
Supply 
Flip-Flops 
1 
MIN,25 
C 
all Valid Input Combinations 
XM 
~A 
Current 
30 
MAX 


20 
MIN,25°C 


XC 
~A 


150 
MAX 
MSI 


MIN, 25°C 
5 
XM 
~A 


150 
MAX 


DC CHARACTERISTICS, 
VOO = 10 V, VSS = 0 V 
- 


LIMITS 
SYM80L 
PARAMETER 
UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 


VIH 
Input HIGH 
VOltage 
7 
V 
All 
Guaranteed Input HIGH 
Voltage 


VIL 
Input 
LOW Voltage 
3 
V 
All 
Guaranteed 
Input 
LOW Voltage 


9.95 
MIN,25'C 
IOH < 1 /..I.A, Inputs at 0 V or 10 V per 
V 
VOH 
Output 
HIGH Voltage 
9.95 
MAX 
the Logic Function or Truth Table 


9 
V 
All 
IOH < lilA, 
Inpu IS at 3 or 7 V 


0.05 
MIN,25'C 
IOL < 1 pA, Inputs at 0 or 10 V per 


V 
VOL 
Output 
LOW Voltage 
0.05 
MAX 
the Logic Function 
or Truth 
Table 


1 
V 
All 
IOL < III 
A,Inputsat30r 
7 V 


-1.4 
MIN,25'C 
VOUT= 


IOH 
Output 
HIGH 
Current 
mA 
-0.8 
MAX 
9.5 V 
Inputs at 0 or 10 V per 


2.6 
MIN, 
the Logic Function 
or 


IOL 
Output 
LOW Current 
2 
mA 
25'C 


VOUT 
= 
Truth 
Table 


0.5 V 


1.2 
MAX 


CIN 
I nput 
Capacitance 


7.5 
pF 
25'C 
Any Input 
Per Unit 
Load 


x\; 
2 
MIN,25'C 
IlA 


Gates 
15 
MAX 


XM 
0.5 
MIN,25'C 


15 
IlA 
MAX 


Quiescent 
8 
MIN,25'C 


XC 
IlA 
Power 
Buffers, 
60 
MAX 
All Inputs at 0 V or VOO for 
100 
Supply 
Flip·Flops 
2 
MIN,25'C 
All Valid Input Combinations 


XM 
IlA 


Current 
60 
MAX 


40 
MIN,25'C 


XC 
IlA 


300 
MAX 
MSI 
MIN,25'C 
10 


XM 
IlA 


300 
MAX 
• 


LIMITS 


TEST CONDITIONS 
SYMBOL 
PARAMETER 
UNITS 
TEMP 
MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
11 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


VIL 
Input 
LOW Voltage 
4 
V 
All 
Guaranteed 
Input 
LOW 
Voltage 


14.95 
MIN,25°C 
IOH < 1 IJA, Inputs at 0 or 15 V per 
V 
VOH 
Output HIGH Voltage 
14.95 
MAX 
the Logic Function 
or Truth 
Table 


13.5 
V 
All 
IOH < 1 IJA, Inputs at 4 or 11 V 


0.05 
MIN,25°C 
IOL < 1 IJ A, Inputs at 0 or 15 V per 
V 
VOL 
Output 
LOW Voltage 
0.05 
MAX 
the Logic Function 
or Truth 
Table 


1.5 
V 
All 
IOL < 1 IJA,lnputsat 
4 or 11 V 


0.3 
MIN,25°C 


Lead 
under 
test 
at a or 15 V 
XC 
IJA 


1 
MAX 


IIN 
Input 
Current 
0.1 
MIN,25°C 
All other Inputs 


XM 
IJA 
Simultaneously 
at 0 or 15 V 


1 
MAX 


-4.5 
MIN,25°C 
VOUT = 
Inputs 
at a or 15 V per 
IOH 
Output 
HIGH 
Current 
mA 


-2.7 
MAX 
13.5 V 


7.5 
MIN,25°C 
VOUT = 


the Logic Function 
or 


IOL 
Output 
LOW 
Current 
mA 
Truth 
Table 
4.5 
MAX 
1.5 V 


CIN 
Input Capacitance 
7.5 
pF 
25°C 
Any 
Input 
Per Unit 
Load 


4 
MIN,25°C 
XC 
IJA 
30 
MAX 
Gates 
MIN,25°C 
1 


XM 
IJA 
30 
MAX 


Quiescent 
16 
MIN,25°C 
XC 
IJA 
Power 
Buffers, 
120 
MAX 
All Inputs at 0 V or VOO for 
100 
Supply 
Flip-.Flops 
4 
MIN,25°C 
all Valid Input Conditions 
XM 
IJA 
Current 
120 
MAX 


80 
MIN,25°C 
XC 
IJA 


600 
MAX 
MSI 


20 
MIN,25°C 


XM 
IJA 
600 
MAX 


TYPICAL 
FAIRCHI 
LD 40006 
SERIES CHARACTERISTICS 


Fig, 7-1 
Fig. 7-2 
Fig. 7-3 


POSI TIVE-GOING 
NEGATIVE-GOING 
POSITIVE·GOING 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS 
SUPPLY 
VOLTAGE 
VERSUS 
SUPPLY VOLTAGE 
VERSUS 
LOAD 
CAPACITANCE 


200 
T I 
2~ C 
200 
200 


21 


5C 
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l 
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~ 


0- 
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INPUT 
CIRCUITRY 
All 
inputs are protected 
by the network 
of Figure 7-13; a series 


input 
resistor 
plus 
diodes 
01 
and 
02 
clamp 
input 
voltages 


between 
VSS and VOO' 
Forward 
conduction 
of these diodes is 


typically 
0.9 V at 1 mA. 
When VSS or VOO is not connected, 


avalanche 
breakdown 
of 
the 
diodes 
limit 
input 
voltage; 
01 
typically 
breaks down 
at 20 V, 
02 
at 20 V. 
In normal 
logic 
operation 
the 
diodes 
never 
conduct, 
but 
for 
certain 
special 
applications 
such as oscillators, 
circuit 
operation 
may actually 
depend 
on 
diode 
conduction. 
Operation 
in 
this 
mode 
is 
permissible so long as input currents do not exceed 10 mA. 


Input 
capacitance 
is typically 
5 pF across temperature 
for any 
input. 


CURRENTS 
- 
Positive current 
is defined as conventional 
current flow 
into a device. Negative current is defined as con- 
ventional 
current flow out of a device. 


IIN - 
(Input Current) - 
The current flowing 
into a device at specified 
input voltage and VOO' 


'OH - 
(Output HIGH Current) - 
The drive current flowing 
out of the device at specified 
HIGH output voltage and VOO' 


'OL - 
(Output LOW Current) - 
The drive current flowing 
into the device at specified 
LOW output voltage and VOO' 


100 - 
(Quiescent Power Supply Current) - 
The current flowing 
into the VOO lead at specified input and VOO conditions. 


'OZH - 
(Output OFF Current HIGH) - 
The leakage current flowing 
into the output of a 3-state device in the "OFF" state at 
a specified HIGH output voltage and VOO' 


'OZL - 
(Output OFF Current LOW) - 
The leakage current flowing 
out of a 3-state device in the "OFF" state at a specified 


HIGH output voltage and VOO' 


'lL - 
(Input Current LOW) - 
The current flowing 
into a device at a specified LOW level input voltage and a specified VOO' 


"H - 
(Input Current 
HIGH) - 
The current 
flowing 
into a device at a specified 
HIGH level input voltage and a specified 
VOO' 


'DOL - 
(Quiescent Power Supply Current LOW) - 
The current flowing 
into the VOO lead with a specified LOW level input 
voltage on all inputs and specified VOO conditions. 


'OOH - 
(Quiescent 
Power Supply Current HIGH) - 
The current flowing 
into the VOO lead with a specified HIGH level in- 
put voltage on all inputs and specified VOO conditions. 


IZ - 
(OFF State Leakage Current) - 
The leakage current flowing 
into the output of a 3-state device in the "OFF" state at 
a specified output voltage and VOO' 


VOLTAGES 
- 
All voltages are referenced to VSS (or VEE) which is the most negative potential applied to the device. 


VOO - 
(Drain Voltage) - 
The most positive potential 
on the device. 


V,H - 
tlnput HIGH Voltage) - 
The range of input voltages that represents 
a logic HIGH level in the system. 


V,L - 
(Input LOW Voltage) - 
The range of input voltages that represents 
a logic LOW level in the system. 


V,H (min) - 
(Minimum 
Input HIGH Voltage) - 
The minimum 
allowed 
input HIGH level in a logic system. 


V,L (max) - 
(Maximum 
Input LOW Voltage) - 
The maximum 
allowed 
input LOW level in a system. 


VOH - 
(Output HIGH Voltage) - 
The range of voltages at an output terminal 
with 
specified 
output loading and supply 
voltage. Device inputs are conditioned 
to establish 
a HIGH level at the output. 


VOL - 
(Output LOW Voltage) ~ The range of voltages at an output terminal 
with specified output loading and supply volt- 


age. Device inputs are conditioned 
to establish 
a LOW level at the output. 


VSS - 
(Source Voltage) - 
For a device with a single negative power supply, the most negative power supply, used as the 
reference 
level for other voltages. Typically ground. 


VEE - 
(Source Voltage) - 
One of two (VSS and VEE) negative power supplies. For a device with dual negative power sup- 


plies, the most negative power supply used as a reference 
level for other voltages. 


RON - 
(ON Resistance) - 
The effective 
"ON" state resistance of an analog transmission 
gate, at specified input voltage, 


output load and VOO' 


f', RON - 
("t. " ON Resistance) - 
The difference 
in effective 
"ON" resistance between any two transmission 
gates of an 
analog device at specified 
input voltage, output load and VOO' 


• 


tlal CirCUit with 
the output 01 the CirCUit changing 
between 
10% of VDD and 90% of VDD' Above this frequency 
the device 
may cease to function. 
See Figure 7-15. 


tpLH - 
(Propagation 
Delay Time) - 
The time between 
the specified 
reference 
points. 
normally 
50% points on the input 
and output voltage waveforms, 
with 
the output changing 
from the defined 
LOW level to the defined HIGH I.eve/. See Fig- 
ure 7-14. 


tpHL - 
(Propagation 
Delay Time) - 
The time between 
the specified 
reference 
points, 
normally 
50% points on the input 
and output voltage waveforms, 
with 
the output changing 
from the defined 
HIGH level to the defined 
LOW leve/. See Fig- 
ure 7-14. 


tTLH - 
(Transition 
Time, LOW to HIGH) - 
The time between 
two specified 
reference 
points on a waveform, 
normally 
10% 
to 90% of VDD' which 
is changing 
from 
LOW to HIGH. 
See Figure 7-14. 


tTHL - 
(Transition 
Time, HIGH to LOW) - 
The time between 
two specified 
reference 
points on a waveform, 
normally 
90% 


to 10% of VDD' which 
is changing 
from 
HIGH to LOW. See Figure 7-14. 
• 


tw - 
(Pulse Width) 
- 
The time between 
50% 
amplitude 
points 
on the leading 
and trailing 
edges of pulse. 


th - 
(Hold Time) - 
The interval 
immediately 
following 
the active transition 
of the timing 
pulse (usually the clock pulse) or 
following 
the transition 
of the control 
input to its latching 
level, during 
which 
interval 
the data to be recognized 
must be 
maintained 
at the input to ensure its continued 
recognition. 
A negative 
hold time indicates 
that the correct 
logic level may 
be released prior to the active transition 
of the timing 
pulse and still be recognized. 


ts - 
(Set-up Time) - 
The interval 
immediately 
preceding 
the active transition 
of the timing 
pulse (usually the clock pulse) 
or preceding 
the transition 
of the control 
input to its latching 
level, during which 
interval 
the data to be recognized must be 
maintained 
at the input to ensure 
its recognition. 
A negative 
set-up time indicates 
that the correct logic level may be initi- 


ated sometime 
after the active transition 
of the timing 
pulse and still be recognized. 


tpHZ - 
(3-State 
Output 
Disable Time, HIGH to Z) - 
The time between 
the specified 
reference 
points, 
normally 
the 50% 
point on the Output Enable input voltage waveform 
and a point representing 
a 0.1 VDD drop on the Output voltage wave- 


form of a 3-state 
device, with 
the output changing 
from the defined 
HIGH level to a high impedance 
OFF state. 


tpLl 
- 
(3-State 
Output 
Disable Time, 
LOW to Z) - 
The time between 
the specified 
reference 
points, 
normally 
the 50% 


point on the Output Enable input voltage waveform 
and a point 
representing 
a 0.1 VDD rise on the Output voltage wave- 


form of a 3-state 
device, with 
the output changing 
from the defined 
LOW level to a high impedance 
OFF state. 


tpZH - 
(3-State 
Output 
Enable Time, Z to HIGH) - 
The time between 
the specified 
reference 
points, 
normally 
the 50% 


point on the Output Enable input voltage waveform 
and a point 
representing 
0.5 VDD on the Output voltage waveform 
of 
a 3-state 
device, with 
the output changing 
from a high impedance 
OFF state to the defined 
HIGH leve/. 


tpZL - 
(3-State 
Output 
Enable Time, Z to LOW) - 
The time 
between 
the specified 
reference 
points, 
normally 
the 50% 


point on the Output 
Enable input voltage waveform 
and a point 
representing 
0.5 VDD on the Output voltage waveform 
of 
a 3-state 
device, with 
the output .:hanging 
from a high impedance 
OFF state to the defined 
LOW leve/. 


trec - 
(Recovery Time) - 
The time between 
the end of an overriding 
asynchronous 
input. typically 
a Clear or Reset input, 
and the earliest 
allowable 
beginning 
of a synchronous 
control 
input. typically 
a Clock input. 
normally 
measured 
at 50% 


points on both input voltage waveforms. 


40018 


QUAD 2-1 N PUT NOR GATE 
• 
40028 


DUAL 
4-INPUT 
NOR GATE 


40016 


LOGIC ANO CONNECTION 
DIAGRAM 


DIP (TOP VIEW) 


40026 


LOGIC AND CONNECTION 
DIAGRAM 
DIP (TOP VI EW) 


NOTE' 
The 
F latpak 
versions 
have 
the 
same 
pinouts 


(Connection 
Diagram) 
as 
the 
Dual 
tn-line 


Package. 


I 
I 
LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
See Note 
1 


QUIescent 
XC I 
1 
2 
4 
MIN,25°C 


"A 
100 
Power 
7.5 
15 
30 
MAX 
All inputs 
at 


Supply 
0.25 
0.5 
1 
MIN,25°C 
o V or VOO 


I 
Current 
_~M---L_ 
7.5 
15 
30 
"A 
MAX 


SYMBOL I 


LI MITS 


TEST CONDITIONS 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO - 15V 
UNITS 
See Note 2 


I 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
----r-- 


tPLH 
60 
110 
25 
60 
20 
48 
ns 
CL = 50 pF, 
Propagation Delay 


tPHL 
60 
110 
25 
60 
20 
48 
ns 
RL = 200 kn 


tTLH 
60 
135 
30 
70 
20 
45 
ns 
Input Transition 
I Output 
TranSition 
Time 


tTHL 
I 
60 
135 
30 
70 
20 
45 
ns 
Times:!i; 
20 ns 


- 


LIMITS 


TEST CONDITIONS 
SYMBOL 
PARAMETER 
VOO - 5 V 
VOO=lOV 
VOO 
= 15V 
UNITS 
See Note 
2 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
65 
110 
30 
60 
20 
48 
ns 
CL = 50 pF, 
Propagation' Delay 


tpHL 
70 
110 
30 
60 
23 
48 
ns 
RL = 200 k!! 


tTLH 
75 
135 
40 
70 
30 
45 
ns 
Input Transition 
Output 
Transition 
Time 
tTHL 
60 
135· 
23 
70 
15 
45 
ns 
Times 
"i; 
20 ns 


NOTES: 
1 
AdditIonal 
DC 
Characteristics 
are listed 
in this 
sectIon 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
PropagatIon 
Delays 
and Output 
TranSition 
Times 
are graphically 
described 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
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· -- 
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40068 
18-STAGE STATIC SHIFT 
REGISTER 


DESCRIPTION 
- 
The 
40068 
is an 18-stage ~ift 
Register arranged as two 4-slage and two 5-stage 
shift 
regsiters 
with 
a common 
Clock 
Input 
ICPL 
The 
two 
4-stage 
shift 
registers, 
each 
have a Data 
Input 
(Oa. 
Db) 
and a Data 
Output 
(Q3a, 
Q3b); 
the two 
5-stage shift registers each have a Data 
Input 
IDe, Dd) and Data Outputs from the fourth 
and fifth 
stages 103c, 04c, 03d, 
04dl. 


The 
registers can be operated 
in parallel 
or interconnected 
to form 
a single shift 
register 
of up to 18 
bits. 
Data 
is shifted 
into 
the first 
register 
position 
of each register 
from 
the Data 
Inputs 
(Da-Od) 
and 
all the data 
in each register 
is shifted 
one position 
to the right on the HIGH·ta-LOW 
transition 
of the 
Clock Input (CPI. 


• 
CLOCK EDGE-TRIGGERED 
ON A HIGH-TO-LOW 
TRANSITION 
• 
CASCADABLE 
• 
SERIAL-TO-SERIAL 
DATA 
TRANSFER 


PIN NAMES 


Da-Dd 
CP 


03a-03d, 
04c, 04d 


Data 
Inputs 
Clock Input (H~L 
Edge-Triggered) 


Data 
Outputs 


Voo 
""Pin 
14 


VSS 
"" Pin 
7 
NC 
"" Pin 2 
. 
o 
= Pin Number 


Voo::: 
Pin 
14 


VSS 
"" Pin 7 


NC 
"" Pin 2 


NOTE: 


The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-Iine 
Package. 


• 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDO 
= 10 V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
80 
MIN,25°C 


XC 
"A 
Power 
150 
300 
600 
MAX 
All Inputs 
at 


IDD 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 
XM 
"A 
Current 
150 
300 
600 
MAX 


! 
LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
- 
90 
200 
39 
100 
30 
80 
Propagation Delay. CP to any On 
ns 
tPHL 
90 
200 
35 
100 
25 
80 


tTLH 
60 
135 
30 
75 
20 
45 


Output 
Transition 
Time 
ns 
CL=50pF, 
tTHL 
60 
135 
30 
75 
20 
45 


twCP 
C"PMinimum 
Pulse Wldth 
100 
50 
50 
20 
40 
13 
ns 


RL=200kn 


Set-Up Time, On to CP 
30 
12 
15 
5 
15 
5 
Input Transition 
ts 


Hold Time, On to CP 
ns 
Times <; 20 ns 
th 
10 
1 
10 
4 
10 
4 


'MAX 
Maximum Input Clock t-reqw..ncy 


8 
19 
15 
30 
18 
36 
MHz 
INote 
31 


NOTES: 
1. 
Additional 
DC 
CharacterIstics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 
4. 
It 
is 
recommended 
that 
input 
rise and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
J,lS at 
VOO 
= 5 V, 
4J,ls 
at 
VOO 
= 10 
V. 
and 
3J,ls 
at 
VOO=-15V. 


MINIMUM 
CLOCK 
PULSE WIDTH 


AND SET·UP AND 
HOLD 
TIMES, 
On TO CP 


4007UB 


DUAL COMPLEMENTARY 
PAIR PLUS INVERTER 


DESCRIPTION 
- 
The 
4007UB 
is a 
Dual 
Complementary 
Pair 
and 
an 
Inverter 
with 
access 
to 
each 
device. 
It 
has 
three 
n-channel 
and 
three 
p-channel 
enhancement 
mode 
MOS 
transistors. 
For 
proper 


operation 
VSS" 
VI 
" 
VOO- 


• 
INPUT 
DIODE 
PROTECTION 
ON ALL 
INPUTS 
• 
DRAINS 
AND 
SOURCES 
TO N- AND 
P-CHANNEL 
TRANSISTORS 
AVAILABLE 


PIN NAMES 


Sn 
SP3 
DP1,DP2 


DN1.DN2 
SN2, SN3 
DN/P3 


Source Connection 
to Second and Third 
p-channel Transistors 


Drain Connection 
from the First and Second p-channel Transistors 


Drain Connection 
from the First and Second n-channel Transistors 


Source Connection 
to the Second and Third 
n-channel Transistors 


Common 
Connection 
to the Third 
p-channel and n-channel 
Transistor 
Drains 


Gate Connection 
to n- and p-channel Transistors 
1, 2 and 3 


NOTE: 
The 
Flatpak 
version 
has the 
same pin- 


outs 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package, 


@ 
CD 
@ 


VOO 
Sp2 
Sp3 
d 
i'tJ 
~ 
h@ 
hG) 
}o"" 
® 
G1 
0p1 0 
°p2 
@ 
@ 


0N1 
G2 
°N2 
G3 
•....... 
® 
•......• 
® 


9 
~ 
'lJ 
Vss 
SN2 
SN3 


(j) 
0 
® 


• 


DC CHARACTERISTICS: 
VDD as shown, VSS = 0 V (See Note 1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
- 10 V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 


Power 
XC 
7.5 
15 
30 
"A 
MAX 
All inputs 
at 


IDD 
Supply 
0.25 
0.5 
1 
MIN,25°C 
o V or VDD 


Current 
XM 
7.5 
15 
30 
"A 
MAX 


AC CHARACTERISTICS: 
VDD as shown, VSS = 0 V, T A = 2SoC (See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
- 5 V 
VDD 
- 10 V 
VDD 
- 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
42 
85 
23 
40 
18 
32 
ns 
CL = 50 pF, 
Propagation 
Delay 
tpHL 
42 
85 
23 
40 
18 
32 
ns 
RL=200kfl 


tTLH 
65 
135 
30 
70 
25 
45 
ns 
Input Transition 


Output 
Transition 
Time 


tTHL 
65 
135 
30 
70 
25 
45 
ns 
Times';;; 
20 ns 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed in this section 
under 4000B Series CMOS Family Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


POWER DISSIPATION 
VERSUS 
FREOUENCY 
1000 
T~';2S clill 
I!! 1111 
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,,'1 
a: 
'.0 
~ 
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CL • 50 pF 


102 
103 
10' 
'0' 
,06 
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FREQUENCY 
- 
Hz 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 


30 


c,<15oFl 
.1'PH".IJ..d:;t 


120 
I 
~ 
~ 110 
TA~25C 
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'00 
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> 25~~_Jvr 
> 
I 
I 
V L 
~ 
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90 
tpHL' 
Voo• 
5 V 
./ 
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'P,H.L 
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80 
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0 
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\ 
I 
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0 
'0 
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10 
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0 
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VOO = 15 V 
go 
'0 
~ 
-100 J>-::~ 
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, 
1 r 
, 
30r- 
+. 
~ 
z , 
~ 
"'~ 
z 
20 
tpLH.- 
I 
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VOO = 15V 
=---VOO" 
15 V 
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60 
40 
20 
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20 
40 
60 
80 
100 120 140 
" 
0 
20 
40 
60 
80 
100 
'20 
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160 


TA - 
AMBIENT TEMPERATURE - 
C 
CL - 
LOAO CAPACITANCE - 
pF 


40088 
4-BIT BINARY FULL ADDER 


DESCRIPTION 
- 
The 
40088 
is a 4-Bit 
Binary 
Full 
Adder 
with 
two 
4-bit 
Data 
Inputs 
(AO-A3• 


BO-B3); 
a Carry Input 
(Col. four 
Sum Outputs 
(SO-53) and a Carry Output 
(C4). 


The 4009B 
uses full 
lookahead 
across 4-bits 
to generate the Carry Output 
(C4). This minimizes 
the 
necessity for extensive 
"Iookahead" 
and carry-cascading 
circuits. 


• 
CARRY 
LOOKAHEAD 
BUFFERED 
OUTPUT 
• 
EASILY 
CASCADED 


PIN NAMES 


AO-A3. 
BO-B3 
Co 
SO-53 
C4 


Data 
Inputs 
Carry Input 


Sum 
Outputs 


Carry Output 


Voo'"' 
Pin 16 


VSS 
,.. Pin 8 


o 
".Pin 
Number 


NOTE: 
The 
Flatpak 
version 
has 
the 
SBme 


pinouts 
(Connection 
Diagram) 
as the 
Dual I~line Package. 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
IlA 
MAX 
Power 
100 
300 
600 
All inputs 
at 
'DD 
Supply 
5 
10 
20 
MIN,25°C 
OVorVDD 
XM 
IlA 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
150 
300 
60 
140 
50 
110 
ns 


tpHL 
Propagation 
Delay, 
An. 
Sn to Sn 
150 
300 
60 
140 
50 
110 
ns 


tpLH 
138 
275 
63 
130 
50 
100 
ns 


tPHI 
Propagation 
Delay. 
An. 
Sn to C4 
138 
275 
63 
130 
50 
100 
ns 


tpLH 
115 
250 
69 
115 
52 
90 
ns 
CL=50pF, 


tpHL 
Propagation 
Delay, 
Co to Sn 
.J 
123 
250 
69 
115 
52 
90 
ns 
RL = 200 kn, 


tpLH 
72 
200 
28 
95 
23 
75 
ns 
Input Transition 


tpH 
Propagation 
Delay, Co to C4 
95 
200 
28 
95 
23 
75 
ns 
Times 
lIii; 20 ns 


tTLH 
60 
135 
30 
75 
20 
45 
ns 
Output 
Transition 
Time 
tTHL 
60 
135 
30 
75 
20 
45 
ns 


lEAST 
MOST 
SIGNIFICANT 
SIGNIFICANT 
OIGlT 
DIGIT.. 


40118 • 40128 
40118 QUAD 
2-INPUT NAND GATE 
40128 
DUAL 
4-INPUT NAND GATE 


DESCRIPTION 
- 
These CMOS logic elements 
provide 
the positive 
input 
NAND 
function. 
The outputs 
are fully 
buffered 
for 
highest noise 
immunity 
and pattern insensitivity 
of output 
impedance. 


40118 
LOGIC AND CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


40128 
LOGIC AND CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NOTE' 
The 
Flatpak 
versions 
have the 
same pinouts 


(Connection 
Diagram) 
as the 
Dual 
In-line 


Package. 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TY? 
MAX 
MIN 
TYP 
MAX 
See Note 
1 


Quiescent 
1 
2 
4 
MIN,25°C 


Power 
XC 
7.5 
15 
30 
~A 
MAX 
All Inputs 
at 


IDD 
Supply 
0.25 
0.5 
1 
MIN,25°C 
OVorVDD 


Current 
XM 
7.5 
15 
30 
~A 
MAX 


LIMITS 
TEST CONDITIONS 
SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15V 
UNITS 
See Note 
2 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TY? 
MAX 


'pLH 
Propagation 
Delay 
60 
110 
25 
60 
20 
48 
ns 
CL = 50 pF, 


IPHL 
60 
110 
25 
60 
20 
48 
ns 
RL = 200 kll 


ITLH 
60 
135 
30 
70 
20 
45 
ns 
Input Transition 


Output Transition Time 


ITHL 
60 
135 
30 
70 
20 
45 
ns 
Times 
~ 20 ns 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
VDD = 5 V 
VDD=10V 
VDD = 15V 
UNITS 
See Note 
2 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IPLH 
73 
110 
33 
60 
24 
48 
ns 
CL = 50 pF, 


'pHL 
Propagation Delay 
85 
110 
31 
60 
20 
48 
ns 
RL = 200 kll 


tTLH 
76 
135 
37 
70 
27 
45 
ns 
Input Transition 
Output Transition Time 


'THL 
67 
135 
25 
70 
17 
45 
ns 
Times 
:so;20 
ns 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed 
in this section under 40008 
Series CMOS 
Family 
CharacteristiCS. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
sectio'1 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


4011B AND 4012B 
POWER DISSIPATION 


~1000 
VERSUS 
FREQUENCY 
+"~~5~ 
I Iv~~ 
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Hz 
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tPttT\IO~ 
~ 60 / 
« 40 
« 
w--- 
CI 
CI 
« 30 
« 
... 
H-!:...J--+---r 
... 
40 
~::-i\r 


0 
20 
- 
0 
II: 


II 
'.1. 
I 
! 
II: 
-- 
... -- 
... 
20 
10 
tP 


1 
LH• tiHL 100I15,_ 
=-- 
tpLH. tPHL YOO = 15 y- 


O 
0 
T 
I 
I' 
I 
I 


0 
20 
40 
80 
80 
100 
120140160 
0 
20 
40 
60 
80 
100 
120140 
160 
CL - 
LOAD CAPACITANCE 
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pF 


40138 
DUAL D FLIP-FLOP 


DESCRIPTION 
- 
The 40138 
is a CMOS Dual 0 Flip-Flop 
which 
is edge-triggered 
and features inde- 
pendent 
Set Direct. 
Clear 
Direct, 
and Clock 
inputs. 
Data is accepted 
when the Clock 
is LOW and 
transferred 
to the output 
on the positive-going edge of the Clock. 
The active HIGH 
asynchronous 
Clear 
Direct 
(CO) 
and 
Set Direct 
(SO) are independent 
and override 
the 0 
or Clock 
inputs. The 
outputs 
are buffered 
for best system performance. 


PIN NAMES 
o 
CP 
So 
CD 
Q 
Q 


Data 
Input 


Clock 
Input 
(L~H 
Edge-Triggeredl 


Asynchronous Set Direct Input (Active HIGH) 
Asynchronous 
Clear 
Direct 
Input 
(Active 
HIGH) 
True Output 


Complement 
Output 


ASYNCHRONOUS 
OUTPUTS 
INPUTS 


SD 
CD 
0 
0 
L 
H 
L 
H 


H 
L 
H 
L 


H 
H 
H 
H 


L 
~ LOW Level 
H 
= HIGH 
Level 
.r 
= Positive-Going 
Transition 
00+1 
= State 
After 
Clock 
Positive Transition 


SYNCHRONOUS 
OUTPUTS 
INPUTS 


CP 
D 
°n+1 
°n+1 
S 
L 
L 
H 
S 
H 
H 
L 


LOGIC SYMBOL 


4013B 


• 


VOD"" 
Pin 
14 


VSS 
- 
Pin 
7 


NOTE: 
The 
Flatpak version has th. 
tame 
pinouts (Connection Diagram) •• the 
DUll In-line Pack.ge. 


LIMITS 
-- 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
4 
B 
16 
MIN,25°C 


Power 
XC 
30 
60 
120 
~A 
MAX 
All inputs 
at 
IDD 
Supply 
1 
2 
4 
MIN,25 
C 
o V or VDD 


XM 
~A 


Curre"lt 
30 
60 
120 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


lpLH 
Propagation 
Delay, 
CP TO 
Q, Q 


95 
200 
38 
90 
29 
72 
ns 


tpHL 
95 
200 
38 
90 
29 
72 
ns 


tpLH 
- 
130 
225 
45· 
110 
32 
88 
ns 


tPHL 
PropagatIon 
Delav. 
So or Co 
to Q 


75 
225 
35 
110 
20 
88 
ns 


tPLH 
115 
225 
50 
110 
35 
88 
ns 


'PHL 
Propagation 
Delay, 
So or Co 
to Q 
115 
225 
50 
110 
35 
88 
ns 


'TLH 
60 
135 
30 
70 
20 
45 
ns 
CL = 50 pF. 


tTHL 


[ Output 
Transition 
Time 


60 
135 
30 
70 
20 
45 
ns 
RL = 200 kn 


's 
I Set-Up 
Time, 
Data 
to CP 
60 
30 
30 
15 
24 
8 
ns 
Input Transition 


th 
Hold Ttme, Data to CP 
0 
-25 
0 
-12 
0 
-6 
ns 
Times,.;;;;; 20 
ns 


'wCPILI 
Minimum 
Clock Pulse ~Jldth 
100 
55 
55 
30 
44 
18 
ns 


'wSD(H) 
MinImum 
So Pulse Width 
60 
30 
30 
15 
24 
10 
ns 


twCD(HI 
Minimum 
Co Pulse Width 
60 
30 
30 
15 
24 
10 
ns 


trecSO 
Recovery 
TIme 
for So 
20 
8 
10 
2 
8 
2 
ns 


treeeD 
I Recovery 
Time 
for Co 
30 
15 
15 
7 
12 
6 
ns 


fMAX 
Maximum 
CP Frequency· 
(Note 
2) 
5 
8 
8 
16 
9 
19 
MHz 


NOTES 


1 


2. 
3. 


4. 


Additional 
DC 
Characteristics 
are listed 
In this section 
under 
40006 
Series 
CMO$ 
Family 
Characteristics. 


For 
fMAX 
in!->ul rise and 
fait 
times 
are 
greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 


Propagation 
Delays 
and 
Output 
Transition 
Times 
are 
graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


It 
is recommended 
that 
Input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 JJs at 
VOO 
=. 5 V. 
4 JJSat 
VOO 
"" 10 
V, 
and 
3 JJs at 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


CLOCK 
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0 
20 
40 
60 
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"- 
20 
40 
60 
80 
100 
120 
140 
160 
U 
U 
TA - 
AM81ENT 
TEMPERATURE 
- 
°C 
CL - 
LOAD CAPACITANCE 
-- pF 


, 


WAVEFORMS 


-JtwSOIHli 


:::1twCPILIt= 


so--F\ 


CP~ 
-jtwCOIHI!- 


thlLI~ L 
_thlHI 
Co 
50% 
- 
l...-trecSD 
-J !:=t,eoCo 
J. K 
50% 
50% 


=1t"HII_ 
CP 
50% 
50% 


---.. 
tslLl 
.- 


• 
aaY 
WA 
lAW 


SET-UP TIMES, 
HOLD 
TIMES, 
RECOVERY 
TIME 
FOR SO, RECOVERY 
TIME 
FOR CD, 


AND 
MINIMUM 
CLOCK 
PULSE WIDTH 
MINIMUM 
So PULSE WIDTH, 
AND MINIMUM 
CD PULSE WIDTH 


NOTE: 
Set-up 
Times 
and 
Hold 
Times 
are 
shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


• 


40148 
8-BIT SHIFT REGISTER 


DESCRIPTION 
- 
The 
4014B 
;s a fully 
synchronous 
edge-triggered 
a-Bit 
Shift 
Register 
with 
eight 


synchronous 
Parallel 
Inputs 
IPO-p]L 
a synchronous 
Serial 
Data 
Input 
(OS), a synchronous 
Parallel 


Enable 
Input 
(PEl. 
a LOW-to-HIGH 
edge-triggered 
Clock 
Input 
(Cpl and Buffered 
Parallel Outputs 
from 
the last three 
stages 
(05,07). 


Operation 
is synchronous 
and the device is edge-triggered 
on the LOW·to-HIGH 
transition 
of the Clock 


Input 
(CP). 
When 
the 
Parallel 
Enable 
Input 
(PE) 
is HIGH, 
data 
is loaded 
into 
the 
register 
from 
the 


Parallel 
Inputs 
(PO-P]l 
on 
the 
LOW·to-HI-GH 
transition 
of 
the 
Clock 
Input 
(CP). 
When 
the 
Parallel 


Enable 
Input 
(PEl 
is LOW, 
data 
is shifted 
into 
the 
first 
register 
position 
from 
the 
Serial 
Data 
Input 


(DSI and all the data in the register is shifted one position to the right on the LOW-fa-HIGH 
transition 
of the Clock 
Input 
(CPl. 


• 
TYPICAL 
SHIFT 
FREOUENCY 
OF 14.7 MHz AT VDD 
= 10 V 
• 
PARALLEL 
OR SERIAL 
TO SERIAL 
DATA 
TRANSFER 
• 
AVAILABLE 
OUTPUTS 
FROM THE LAST THREE 
STAGES 


• 
FULLY 
SYNCHRONOUS 


PIN 
NAMES 
PE 


PO-P7 
Os 
CP 
05.06.°7 


Parallel Enable Input 
Parallel Data Inputs 


SerIal 
Data 
Input 
Clock Input 
(L-H 
Edge-Triggeredl 
Buffered 
Parallel Outputs 
from 
the Last Three Stages 


NOTE: 


The 
Flatpak 
version 
has the 
same 
pin· 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
In-line 
Package 


VOD 
•• Pin 
16 


VSS 
.; Pin 
8 


o 
= Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
XC 
20 
40 
80 
I'A 
MIN,25°C 


Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
o Vor 
VDD 
XM 
I'A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tplH 
129 
275 
57 
120 
41 
96 
ns 


Propagation 
Delay, CP to any 
Q 
tpHl 
165 
350 
6B 
120 
47 
96 
ns 


'TlH 
70 
135 
37 
75 
21 
45 
ns 


'THl 
Output Tran~ition Time 
77 
135 
34 
75 
21 
45 
ns 


twCP 
CP Minimum 
Pulse Width 
200 
93 
100 
33 
80 
22 
ns 


ts 
Set-Up Time 
PE to CP 
300 
118 
80 
44 
64 
29 
ns 


Cl 
= 50 pF, 


th 
Hold Time 
PE to CP 
25 
15 
5 
3 
4 
2 
ns 


Rl 
= 200 kn 


Set-Up Time 
DS to CP 
200 
80 
50 
28 
40 
17 
Input 
Transition 
ts 
ns 
Times" 20 ns 
th 
Hold Time 
DS to CP 
10 
5 
0 
-1 
0 
-1 
ns 


ts 
Set-Up Time 
Pn to CP 
250 
108 
100 
37 
80 
23 
ns 


th 
Hold Time Pn to CP 
20 
10 
5 
3 
4 
2 
ns 


fMAX 
Max. 
I nput Clock 
Frequency 
2 
5.8 
5 
14.7 
6 
17 
MHz 
(Note 
3) 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
1t 
is 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
/wlS 
at 
VOD 
= 5 V, 
4 J.Ls at 
VOO 
= 10 
V, 
and 
31-15 
at 


VOO=15V. 
• 


5±1 


'-j----- 
'h 


Pn 
50% 
50% 


------------- 
•....------- 


tsIHI-1-- 
~ ------..- Ih(H) 


PEj' 5~,'\ 


Ds 
~8 _ 


PROPAGATION 
DELAY 
CP TO an VERSUS 
LOAD 
CAPACITANCE 


PROPAGATION 
DELAY, 


CP TO an 
VERSUS 
TEMPERATURE 


240 
TA 
_ 220 
" 200 


u 180 
> 
5 160 


140 
~120 
<~100 
~ 
8. 


6C 


'0 


o 
~ 
160 


~. 
140 
~ 
~ 
120 
Q 


~ 
100 
~ 
" 
80 
:. 


~ 
60 


40158 
DUAL 4-81T STATIC SHIFT REGISTER 


DESCRIPTION 
- 
The 4015B 
is a Dual 
Edge-Triggered 
4-Bit 
Static 
Shift 
Register 
ISerial-to-Parallel 
Converted. 
Each Shift 
Register has a Serial Data Input 
101. a Clock 
Input 
ICPI, four 
fully 
buffered 
parallel Outputs 
100-031 
and an overriding 
asynchronous 
Master Reset Input 
IMRI. 


Information 
present 
on the serial Data 
Input 
(0) 
is shifted 
into 
the first 
register position, 
and all the 
data 
in the 
register 
is shifted 
one position 
to the 
right 
on the 
LOW-to·HIGH 
transition 
of the Clock 
Input 
ICPl. 


A HIGH 
on the Master Reset Input 
IMRI 
clears the register and forces the Outputs 
100-031 
LOW, 
independent 
of the Clock and Data Inputs 
(CP and 01. 


• 
TYPICAL 
SHIFT 
FREOUENCY 
OF 14 MHz AT VDD = 10 V 


• 
ASYNCHRONOUS 
MASTER 
RESET 


• 
SERIAL-TO·PARALLEL 
DATA 
TRANSFER 
• 
FULLY 
BUFFERED 
OUTPUTS 
FROM 
EACH STAGE 


PIN NAMES 


DA.DB 
MRA. 
MRB 


CPA.CPB 


OoA.01A.02A.03A 
00B. 
01 B. 02B. 
03B 


Serial Data 
In put 
Master 
Reset Input 
(Active 
HIGH) 


Clock 
Input 
(L-H 
Edge-Triggeredl 


Parallel 
Outputs 


Parallel 
Outputs 


Voo:: 
Pin 
16 


VSS 
= Pin 8 


o 
::Pin Number 


• 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-Iine 
Package. 


- 
L1M ITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-10V 
VOO 
15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
80 
IJ.A 
MIN,25°C 


XC 
300 
600 
MAX 
All inputs 
at 
Power 
150 
100 
Supply 
5 
10 
20 
MIN,25°C 
o V or VOO 


XM 
150 
300 
600 


IJ.A 
MAX 
Current. 
_ 
.L- 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO -10 
V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
165 
300 
85 
150 
50 
120 
ns 


Propagat ion Delay. CP to Q 
tPHL 
165 
300 
85 
150 
50 
120 
ns 


tpHL 
Propagation Delay, MR to 0 
180 
325 
90 
160 
60 
128 
ns 


tTLH 
- 
85 
150 
45 
85 
30 
50 
ns 


Output 
Transition Time 
CL=50pF, 
tTHL 
85 
150 
45 
85 
30 
50 
ns 


ts 
Set-Up 
Time, 
0 to CP 
150 
70 
50 
30 
40 
25 
ns 


RL = 200 kn 


I nput Transition 


th 
Hold Time, 0 to CP 
0 
-5 
0 
-20 
0 
-10 
ns 
Times <: 20 ns 


twCP(L) 
Minimum 
Clock Pulse Wldt., 
120 
60 
70 
35 
56 
25 
ns 


twMRIHI 
Minimum 
MR Pulse Width 
75 
40 
45 
25 
36 
20 
ns 


tree 
MR Recovery 
Time 
300 
160 
120 
60 
96 
45 
ns 


fMAX 
MaXimum 
CP Frequency (Note 3) 
4 
8 
7 
14 
8 
16 
MHz 


NOTES: 


1 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and 
fait 
limes 
are greater 
than 
or equal 
to 5 os and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 J,lsat 
VOO 
"" 5 V, 
4 J,lsat 
VOO 
"" 10 
V, 
and 
3 J,lsat 


VOO=15V. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER OISSIPATION 
PROPAGATION 
OELAY 
VERSUS 
VERSUS 
FREQUENCY 
POWER SUPPLY 
VOLTAGE 
1000 


TAI~;2n 
II 
I 
II 


300 
z 
TA=25'C 
100 


I 
" 
~I 


0 
, 
V?81; 
15V 
i= 
250 
,\ 
Zi: 
10 
~ 


<l: 
Q E 


JgD'=Hn 


<.:l 
~I 
- 
<l: E 
200 
0~" 


Cl. 
~w 
1.0 
0 
I 
UlCl 
~~ 
" 
g:,. 
Ul« 
~~ 
I 
150 
o ~ 10-1 
I<l: 
~} 
~=150PF 
~i 
VDD ;15 V 


..J 
11:« 
~~~ I'-~ 


..JW 
WA- 
:I: 0 
100 
i: 
II: 10-2 
~ 
,,; 
'" 
e- 
/ 


~ 
~~ 
~ 
,,0;; 
VD? 
1111~~ 
II 
:i: 
CL = 50 p,F 
:::::::: 


10-3 
..J 
50 
~ 
II 
I: 
CL 
15 pF 
e- 
CL = 15 pF - 
~ 
-- 
CL = 50 pF 
1 
I 
10-4 
0 
102 
103 
104 
105 
106 
107 
0 
5 
10 
15 


INPUT FREQUENCY 
- 
Hz 
VDD 
- 
OUTPUT 
POWER 


SUPPL Y VOL TAGE 
- 
VOL TS 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS 
LOAD 
CAPACITANCE 
VERSUS 
TEMPERATURE 
~ 300 
TA '; 2SoC 
~ 160 
J-l--- 
1 
I 
CL = 15 pF 


~ 
250 
,. 
140 
i--~D;5V 


vJDJv 
:3 
i-- 
W 
I- 
~ 
120 
0 
-- 
Z 200 
V 
z 
0 
---- 
0 100 
V60;1101V 
>= 
- 


>= 
- 
~ 
1S0 
« 
- 
Cl 
80 
--- 
~ 
« 
f.-- 
<>. 
-I- 
1i 100 
Vo 
; 10 V - 


,... 
0 
60 
II: 
L 


<>. 
--- 
<>. 


I 
I 
40 
Vr 


O 1 


1S 


I 
V 


- 
- 


0 
50 
0 
0 
VOID -rV 
0 
20 
... 
... 


A- 
0 
A- 
0 
U 
0 
20 
40 
60 
80 
100120140160 
U 
-60-40-20 
0 
20 
40 
6080100120140 
CL - 
LOAD CAPACITANCE 
- 
pF 
TA - 
AM81ENT 
TEMPERATURE 
- 
°C 


SWITCHING 
WAVEFORMS 


II 
lilwMRlHI 


1-r:twCPiLi 
MR~ 


CP~ 
l-tt,", 
hth'Ll~ r+thlHI 
f5~ 
.slLl 
ts(H) 
- 
CP 


On 
5~ff5~ 


SET-UP TIMES, 
HOLD 
TIMES 


a 
n 
_ • 


AND 
MINIMUM 
CLOCK 
PULS€ WIDTH 


NOTE: 
RECOVERY 
TIME 
FOR MR 


ts and 
th are shown 
as positive 
values 
but 
AND 
MINIMUM 
MR PULSE WIDTH 


may 
be specified 
as negative 
values. 


• 


,-v.&.vu 
QUAD BILATERAL SWITCHES 


DESCRIPTION 
- 
The 
4016B 
hes four 
independent 
bilateral 
analog 
switches 
(transmission 
gates). 


Each switch 
has two 
Input/Output 
Terminals 
IY n' 
Zn) 
and an active 
H IG H Enable 
Input 
(En). 
A 
HIGH 
on the 
Enable 
Input 
establishes 
a low 
impedance 
bidirectional 
peth 
between 
Y nand 
Zn 
(ON 
condition), 
A LOW on the 
Enable Input 
di<ables the switch 
and establishes a high impedance 
between 
Y nand 
Zn (OFF condition) 
. 


• 
DIGITAL 
OR ANALOG 
SIGNAL 
SWITCHING 


INDIVIDUAL 
ENABLE 
INPUTS 
(ACTIVE 
HIGH) 


EO· 
E3 
YO' 
Y3 


ZO' 
Z3 
' 


Enable I"puts 
Input/Output 
Terminals 


Input/Output 
Terminals 


Voo'" 
Pm 14 


Vss" 
Pin 7 


~"Pm 
Numbers 


CONNECTION 
DIAGRAM 


DIP (TOP VIEW) 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


FAIRCHILD CMOS. 
4016B 


DC 
CHARACTERISTICS: 
VDD 
as shown. 
VSS 
= 0 V ISee 
Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


610 
370 
MIN 


660 
400 
n 
25°C 
V's 
= VDD 


840 
520 
MAX 
or VSS 
RL = 10kH 


XC 
to VDD/2 


1900 
790 
MIN 
En = VDD 


2000 
850 
n 
25wC 
VIS = VDD/2 


2380 
1080 
MAX 


• 0.25 V 


ON 
RON 
Resistance 
600 
360 
MIN 


660 
400 
n 
25 
C 
VIS = VDD 


XM 
960 
600 
MAX 
or VSS 
HL = 10k!! 


to VDD/2 


1870 
775 
MIN 
VIS= VDD/2 
En'" 
VOO 
2000 
850 
n 
25 
C 
• 0.25 
V 


2600 
1230 
MAX 


"/3. . ON Res,st· 
V's 
VDD 
or VSS' 


IJRON 
ance Between 
Any 
15 
10 
n 
25cC 
En = VDD 


Two 
SWitches 
RL = 10 k!l 
to VDD/2 


OFF State 
XC 
MIN. 
25 
C 
V's 
- VDD 
or VSS' 
Leakag~ 
MAX 
IZ 
Current, 
~A 
MIN.25 
C 
En = VSS 


Any Y to Z 
XM 
Vos = VSS or VDD 
MAX 


QUiescent 
1 
2 
4 
MIN. 
Z5°C 
XC 
~A 
Power 
7.5 
15 
30 
MAX 
All Inputs 
at VOO 
IDD 
Supply 
0.25 
0.5 
1 
MIN. 
25°C 
or VSS 
XM 
~A 
Current 
7.5 
15 
30 
MAX 


Notes 
on following 
page. 
• 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15 V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL = 50 pF, RL = 200 kn 


tPLH 
Propagation 
Delay. 
17 
35 
14 
28 
13 
27 
Input 
Transition 
Times 
<;. 20 ns 
ns 


tpHL 
Y n to Zn or Zn to Y n 
15 
31 
10 
20 
4 
9 
En = VOO 


Vis = VOO 
(square wave) 


tpZL 
42 
84 
20 
40 
14 
28 
CL-50pF, 


Output 
Enable 
Time 
ns 
AL = 1 kn to Vssor 
VOO 
tpZH 
45 
90 
22 
44 
18 
35 
En = VOO 
(square wave) 
tPLZ 
80 
160 
78 
157 
76 
155 
ns 
Input 
Transition 
Times 
.< 20 ns 
Output 
Disable 
Time 


tPHZ 
74 
150 
70 
140 
62 
125 
Vis = VOO or VSS 


RL - 10 kn 


Distortion, 
Sine 
% 


Input Frequency = 1 kHz 
0.4 
Wave Response 
En = VOO 


Vis = VOO/2 
(sine wave) p-p 


RL = 1 kn 


EA = VOO, 
EB = VSS 
Crosstalk 
Between 
0.9 
MHz 
Vis = VOO/2 
(sine wave) p-p 
Any 
Two 
Switches 
20 L0910 


[Vos (8)IVis 
(All 
= -50 d8 


Input Transition 
Times" 
20 
ns 


Crosstalk, 
Enable 


50 
mV 
AUOUT) 
= 1 kH 


Input to Output 
ALliN) 
= 50 n 


En':=' Vao 
(square 
wave) 


AL 
1 kH. 
En 
VSS 
OFF State 
1.25 
MHz 
Vis = VOO/2 
(sine 
wave) 
p-p 
Feedthrough 
20 LoglO 
(VoslVisl 
= -50 d8 


RL 
1 kn 


ON State 


40 
MHz 


Vis = VOO/2 
(sine wave) p-p 


Frequency 
Response 
En = VOO, 20 L0910 


(VoslVos@ 
1 kHz) = -3 d8 


CL=50pF.AL-1 
kn 


Enable Input 
Input 
Transition 
Times" 
20 
ns 
fMAX 
10 
MHz 
En = VOO 
(square 
wave) 
Frequency 
(Note 4) 
Vos= Vos/2 at OC 
Vis = VOO 


Cis 
Input Switch 
4 
pF 
Capacitance 
VOO=10V 


Output 
Switch 
En = VSS 


Cos 
4 
pF 
Vis = Open 
Capacitance 


100 kHz or 


Cios 
Feedthrough 
Switch 
0.2 
pF 
1 MHz Bridge 
Capacitance 


NOTES, 


1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Vis/Vas 
is the voltage 
signal at an Input/Output 
Terminal 
(Y n/ZnJ. 


3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under'4000B 
Series 
CMOS 
Family 
Characteristics. 


4. 
For fMAX, 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 ns. 
5. 
In certain 
applications. 
the 
current 
through 
the 
external 
load 
resistor 
(ALl 
may 
include 
both 
VDD 
and 
signal 
tine 
components. 
To avoid 
drawing 
VOD 
current 
when 
switch 
current 
flows 
into 
terminals 
1, 4, 
8, 
or 
11 
the 
voltage 
drop 
across the 
bidirectional 
switch 
must 
not 
exceed 
0.5 
V at 
T A'" 
25 


QC, 
or 0.3 
V at 
T A> 
2S 


QC. 
No 
VOO 
current 
will 
flow 
through 
AL 
if the switch 
current 
flows 
into 
terminals 
2, 3, 


9, or 10. 


40178 
5-STAGE JOHNSON COUNTER 


DESCRIPTION 
- 
The 
40178 
is a 5-5tage 
Johnson 
Decade Counter 
with 
ten glitch 
free decoded 
active 
HIGH 
Outputs 
(00-09), 
an active 
LOW Output 
from 
the most significant 
flip-floP 
{Q5-9J. 


active 
HIGH 
and active 
LOW Clock Inputs 
(CPO. CP,) 
and an overriding 
asynchronous 
Master Reset 
Input 
IMRl. 


The counter 
is advanc~y 
either 
a lOW-to-HIGH 
transition 
at CPO while 
CP, 
is LOW or a HIGH- 


to-LOW 
transition 
at CP1 while 
CPa is HIGH 
Isee Functional 
Truth 
Tablel. 
When cascading 40'76 


counters, the 05-9 output, 
which is LOW while the counter is in states 5,6,7,8 
and 9, can be used to 


drive the CPO input of the next 40178. 


A HIGH 
on the Master Reset Input 
(MR) 
rese~e 
counter 
to zero 100 = 05-9 
= HIGH, 
0,-09 
= 


LOW) independent 
of the Clock 
Inputs 
(CPa, CP,l. 


• 
TYPICAL 
COUNT 
FREOUENCY 
OF 13.6 MHz AT VDD 
= 10 V 


• 
ACTIVE 
HIGH 
DECODED 
OUTPUTS 
• 
TRIGGERS 
ON EITHER 
A HIGH-TO·LOW 
OR LOW-TO-HIGH 
TRANSITION 


• 
CASCADABLE 


PIN NAMES 


CPa 
CP1 
MR 
00-09 
0s-9 


Clock 
Input 
(L-H 
Triggered) 
Clock Input 
(H- 
L Triggered) 
Master Reset Input 


Decoded Outputs 
Carry Output 
(Active 
LOW) 


MR 
CPa 
CP1 
OPERATION 


H 
X 
X 
00=05-9= 
H;01-09 
= L 


L 
H 
H-L 
Counter 
Advances 


L 
L- 
H 
L 
Counter 
Advances 


L 
L 
X 
No Change 


L 
X 
H 
No Change 


L 
H 
L- 
H 
No Change 


L 
H-L 
L 
No Change 


H'" 
HIGH 
Level 


L ;; LOW 
Level 


L-H"" 
LOW-to-HIGH 
Transition 


H-L;; 
HIGH-to 
LOW 
Transition 
X "" Don't 
Care 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 
• 


VDD;; 
Pin ~r-: 


VSS 
;; Pin 8 
o = Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITION 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
XC 
20 
40 
80 
~A 
MIN,25°C 


Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 
XM 
~A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITION 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
278 
700 
114 
285 
82 
228 
ns 


tPHL 
CPO or CPl 
to On 
226 
550 
94 
240 
67 
192 
ns 


tPLH 
Propagation 
Delay. 
205 
525 
87 
225 
63 
180 
ns 


tPHL 
CPO or CPl to 05-9 
261 
650 
105 
250 
73 
200 
ns 


tpHL 
Propagation 
Delay. 
MR 
to On 
170 
430 
80 
175 
52 
140 
ns 


tPLH 
Propagation 
Delay. 
MR to 05-9 
125 
300 
65 
130 
40 
104 
ns 


tTLH 
59 
135 
31 
70 
23 
45 
ns 
CL=50pF, 


Output 
Transition 
Time 
RL = 200 kl! 
tTHL 
63 
135 
26 
70 
19 
45 
ns 


twCP 
Min. 
CPO or CP, 
Pulse Width 
200 
85 
70 
37 
56 
28 
Input Transition 
ns 
Times 
~ 20 ns 
twMR 
Minimum 
MR Pulse Width 
130 
52 
55 
22 
44 
18 
ns 


tree 
MR 
Recovery 
Time 
50 
16 
25 
6 
20 
3 
ns 


th 
Hold Time, CPO to CPl 
200 
90 
90 
39 
72 
26 
ns 


th 
Hold Time, 
CPl 
to CPO 
200 
89 
90 
39 
72 
22 
ns 


fMAX 
Input Count 
Frequency 
2.5 
5.8 
7 
13.8 
8 
16 
MHz 
(Note 
31 


NOTES' 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
FamiJy 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 os and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise and 
fall 
times 
to either 
Clock 
Input 
(CPO 
or CP,) 
be less than 
15 j.J.Sat 
VDD 
"" 5 V, 
4 JJSat 
VDD 
:: 10 V, 
and 
3j.J.s at VDD:: 
15 
V. 


CPo 


~ \ 
~ 
~ 


CP1\ 
;~ 
~ 


_twCP 
__ 


CPo 
f~·"T 


tree 


MR 
50% 
50% 


\ 
• 


MINIMUM 
PULSE WIDTHS 
FOR 
CP AND 
MR AND 
RECOVERY 
TIME 
FOR MR 


CONDITIONS: 
CPl = LOW while 
CPO is triggered 
on a LOW-to-HIGH 
transition. 
twCP 
and 
tree 
also apply 
when 
CPO = HIGH 
and 
CP1 
is 
triggered 
on a HIGH-to-LOW 
transition. 


40188 


PRESETTABLE 
DIVIDE-BY-N 
COUNTER 


DESCRIPTION 
- 
The 4018B is a 5-Stage Johnson Counter with 
a Clock 
Input 
(CP), a Data Input 
(01, 
an async,!!on~s 
Parallel 
Load 
Input 
(PL). 
five 
Parallel 
Inputs 
(PO-P4), 
five active 
LOW 
buffered 
Outputs 
(00-04) 
and an overriding asynchronous Master Reset Input (MR). 


Information 
on 
the 
Parallel 
Inputs 
(PO-P4) 
is asynchronously 
loaded 
into 
the counter 
while 
the 
Parallel Load Input 
(PL) is HIGH, independent 
of the Clock (CP) and Data (D) Inputs. Data present in 
the 
counter 
is stored 
on the 
HIGH-to-LOW 
transition 
of the 
Parallel 
Load 
Input 
(PL). 
When 
the 
Parallel 
Load Input 
is LOW, the counter 
advances on the LOW·to-HIGH 
transition 
of the Clock Input 
Ie?). By connecting 
the 
Outputs 
(°0-°4) 
to 
the 
Data 
Input 
(0'. 
the 
counter 
operates 
as a 
divide-by-n 
counter 
(2""nIlO;10); see below. 


A HIGH 
on the 
Master Reset Input 
(MR) 
resets the counter 
(00-04 
= HIGH) 
independent 
of all 
other 
inputs. 


• 
ASYNCHRONOUS 
MASTER 
RESET INPUT 
(ACTIVE 
HIGH) 
• 
ACTIVE 
LOW FULL Y BUFFERED 
DECODED 
OUTPUTS 
• 
DIVIDE-BY-N 
WITH 
2<;N"10 
• 
CLOCK 
INPUT 
L-H 
EDGE-TRIGGERED 
• 
ASYNCHRONOUS 
PARALLEL 
LOAD 
INPUT 
(ACTIVE 
HIGH) 


PIN NAMES 


PL 


PO-P4 
D 
CP 
MR 
OO-~ 


Parallel Load Input 


Parallel Inputs 
Data Input 
Clock 
Input 
(L-H 
Edge-Triggered) 


Master 
Reset 
Input 
Buffered 
Outputs 
(Active 
LOW) 


DIVIDE 
BY 
o INPUT 


2 
00 


3 
00.01 


4 
01 


5 
0,-02 
6 
02 


7 
02'03 


8 
03 
9 
03-04 


10 
04 


NOTE: 


The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-Iine 
Package. 


:!: 
~ 
~ 
«a: 
® 
e 
® 
@ 


Cl 
:=; 
C 
U 


Cl0 
..J 


7-37 


• 


SYMBOL 
PARAMETER 
VOD = 5 V 
VDD=10V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
- 
- 
-- 
I----- 


Quiescent 
20 
40 
80 
MIN. 25'C 
All inputs 
XC 
j.lA 
Power 
150 
300 
600 
MAX 
.__ 
.to 
Vor 
VDD 
IDD 
Supply 
5 
10 
20 
MIN. 
25°C 
XM 
j.lA 
Current 
150 
300 
600 
MAX 


AC CHARACTERISTICS 
AND 
SET-UP REQUIREMENTS: 
VDD.s 
shown, VSS = 0 V, T A = 25'C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD=15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
280 
500 
115 
200 
80 
160 
ns 


tpHL 
CP to 0;; 
280 
600 
115 
240 
80 
170 
ns 


tpLH 
Propagation 
Delay, 
280 
600 
115 
240 
80 
170 
ns 
CL =50pF, 
RL = 


MR to On 
I 
200 kS!, Input Tran- 


. 
51tion Times 
~ 20 ns 


tpLH 
Propagation 
Delay, 
280 
600 
115 
240 
80 
170 T 


ns 


1 
tpHL 
PL to Qn 
280 
740 
115 
300 
80 
200 
ns 


I 


tTLH 
I 


-----i 


Output 
Transition 
59 
135 
31 
75 
23 
45 
ns 


tTHL 
Time 
63 
135 
26 
75 
19 
I 
45 
ns 


tree 
MR 
Recovery 
Time 
250 
150 
110 
50 
90 
40 
ns 


twMR 
MR Minimum 
Pulse Width 
130 
65 
60 
30 
48 
22 


i 


ns 


twCP 
CP Minimum 
Pulse Width 
260 
100 
130 
50 
100 
40 
ns 
's 
set-Up 
Time, 
D to CP 
175 
85 
75 
25 
60 
35 
I 
ns 


th 
Hold Time, 
D to CP 
0 
0 
o+-G~ 
II 


Is 
set- Up Time, Pn to PL 
175 
85 
75 
25 
60 
35 
ns 
I 
th 
Hold Time, Pn to PL 
0 
0 
0 
I 
~ 


I 


fMAX 
Input Count Frequency 
1.5 
3 
3.5 
8 
4.5 
10 I 
MHz 


(Note 3) 


NOTES: 
t. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2_ 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
F amity 
Characteristics. 


3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise and 
fall 
times 
to the Clock 
Input 
be less than 
15 
J,l.s 
at VOO 
"" 5 V, 4 
J,l.S at VOO 
"" 10 V. 
and 3 
J.lS at VOO 


"" 15 V. 


i 


• 
n'''' 
IwMR 


5~ 
SO'. 
------- 
--------- 


40198 
QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION 
- 
The 
40198 
provides 
four 
multiplexing 
circuits 
with 
common 
selection 
inputs; each 
circuit 
contains two Inputs and 
one output. 
It may be used 
to select 
four bits 
of information 
from one 
of 
two 
sources. 
The 
A inputs 
are selected 
when 
SA is HIGH, 
the 
B inputs 
when 
S8 
is HIGH. 
When 
SA and SB are HIGH, 
output 
IZn) 
is the logical 
OR of the An and Bn inputs 
(Zn = An + Bn). When SA 


and SB are 
LOW, 
output 
(Zn) 
is LOW 
independent 
of the multiplexer 
inputs 
(An and Bnl. The 
4019B 
cannot 
be used to multiplex 
analo~ signals. The outputs 
utilize 
standard 
buffers 
for best performance. 


PIN NAMES 


SA,SB 
AO - 
A3, 
Bo - 
B3 


Zo - 
Z3 


Select Inputs (Active HIGH) 


Multiplexer 
Inputs 


Multiplexer 
Outputs 


SE LECT 
INPUTS 
OUTPUT 


SA 
SB 
An 
Sn 
Zn 


L 
L 
X 
X 
L 


H 
L 
L 
X 
L 


H 
L 
H 
X 
H 


L 
H 
X 
L 
L 


L 
H 
X 
H 
H 


H 
H 
H 
X 
H 


H 
H 
X 
H 
H 


H 
H 
L 
L 
L 


H 
HIGH 
Level 


L 
LOW 
Level 


X 
Don't 
Care 


LOGIC 
DIAGRAM 


SA 
58 
83 
A3 
82 
A2 
81 
Al 
80 
AO 


0@G 
@ 
CD 
(2) 
CD 0 0 0 


Voo 
-=- Pin 
16 


VC;S 
.,. Pin 
8 
0=0 
P,n Numher 
Z2 
Zl 


Zn 
- SAAn 
t SBBn 


NOTE' 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n·line 
Package. 


DC CHARACTERISTICS: 
VDD 
as shown, 
Vss 
= 0 V (See Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 


Power 
Supply 


Current 


V 
D = 15 V 
UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 


80 
IJA 
MIN,25°C 


600 
MAX 
All inputs 
at 


20 
IJA 
MIN,25°C 
o V or VDO 
600 
MAX 


AC CHARACTERISTICS: 
VDD 
as shown, 
VSs = 0 V, TA = 25°C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VDD 
= 15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay, 
75 
150 
35 
70 


tPHL 
SA, sB, An or Bn to Zn 
85 
160 
37 
75 


tTLH 
80 
135 
42 
70 
Output Transition Time 


tTHL 
90 
135 
40 
70 


CL = 50 pF 


RL 
= 200 kn 


Input Transition 


Times" 
20 ns 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics 
. 
• 


POWER 
DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
~ 
1000 
TA~26'C,i 
II!III 
ill 
I 1< 
100 
I 
I 
I 
I 


140 


I 
/v 
I 
~ 
90 r- CL - 15 pF 
~ 
Tl ~ 2;OC 
.• 
100 


1III1 
,VOO~10VI 


/ 
I 
I 
I 
120 - 


" 
10k- 
~ 
> 
80 
I 
~ 
~~~/ 
.. 
~ 
" 
Voo 
= 15 V ~j:t / 
70 
100 
U 
I 
, 
/~ 
C 
c<~'\1 
C 


I~ 
: 
z 
60 
Z 
~ 


1.0 
~ 
II 


c 
~ 
c 
80 
/ 
I 


/ 
~ 
50 
~ 
10-1 
~ 
-- 
I I 
z 
e-viio I~i~ 
" 
40 
" 
60 
C 
~ 
/ 
: 
I I 
: 


~ 


~ 
10-2~ 
C 
30 
~-'- 
~ 
40 
~OO· 
.16_ 
~ 
~ 
~ 
c}lJ.ill 


g: 
-DO 
-DO 
.. 
I 
20 
I 
...-- 


2; 
10-3 t/ 
~ 
"00='5" 
~ 


20 


I 
Cl ~ ~,~~Flil'- 


10 
I 'j I I 
ffi 
10-4 
0 
0 
~ 
102 
103 
10' 
10' 
10' 
107 
-60 -40-20 
0 
204060 
80100120140 
0 
20 
40 
60 
80 
100 120140 
160 
li' 
INPUT 
FREQUENCY 
- 
Hz 
TA - 
AMBIENT 
TEMPERATURE 
_ 
°C 
CL - 
LOAD CAPACITANCE 
- 
pf 


40208 
14-STAGE BINARY COUNTER 


DESCRIPTION 
- 
The 
4020B 
is a 14-Stage 
Binary 
Ripple 
Counter 
with 
a Clock 
Input 
(C!'l, 
an 


overrIding 
asynchronous 
Master Reset 
Input 
(MR) 
and twelve 
fully 
buffered Outputs 
(Qo. 03-0131. 


The counter advances on the HIGH-la-LOW 
transition 
of the Clock Input ICPL A HIGH 
on the Master 
Reset Input 
(MRl 
clears all C('Iunter 
stages dnd forces all Outputs 
(QO. Q3-013) 
LOW, 
independent 


of the Clock Input (CPl. 


• 
25 MHz TYPICAL 
COUNT 
FREQUENCY 
AT VDD = 10 V 
• 
COMMON 
ASYNCHRONOUS 
MASTER 
RESET 
• 
FULLY 
BUFFERED 
OUTPUTS 
FROM THE FIRST STAGE 
AND 
THE LAST 
ELEVEN 
STAGES 


PIN NAMES 
CP 


MR 
°0,°3-°13 


Clock Input (H- 
L Tflggered) 


'Master Reset Input 
(Active 
HIGH) 
Parallel Outputs 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n·line 
Package. 


Voo'= 
Pin 16 


VSS 
.= Pin 8 
o 
'"Pin Numner 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD = 10 V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
80 
~A 
MIN,25°C 


Power 
XC 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 


Current 
XM 
150 
300 
600 
~A 
MAX 


LIMITS 
I 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15V 
Uf\llTS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IPLH 
Propagation 
Delay, CP to 00 


130 
260 
55 
110 
37 
88 
ns 


IpHL 
110 
220 
45 
90 
33 
72 
ns 


IpHL 
Propagation Delay, MR to On 
180 
360 
75 
150 
50 
120 
ns 


65 
135 
35 
70 
25 
45 
ns 
CL=50pF, 


ITLH 
Output 
Transition 
Time 
RL=200kH 


ITHL 
65 
135 
35 
70 
25 
45 
ns 


IwCP(HI 
Minimum 
C·lock Pulse Width 
100 
50 
40 
20 
32 
16 
I nput Transition 


ns 
TImes 
<: 20 ns 


IwMR(HI 
Minimum 
MR Pulse Width 
140 
70 
55 
27 
44 
20 
ns 


tree 
Recovery Time for MR 
85 
43 
35 
17 
28 
12 
ns 


fMAX 
Input Clock Frequency (Note 2) 
5 
10 
12 
25 
14 
30 
MHz 


NOTES, 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Fam ily Characteristics. 
2. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 


3. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 J.lSat 
VOO 
= 
5 V, 
4ps 
at 
VOO 
"" 10 
V, 
and 
3j.1s 
at 


VOO""15V. 
• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


CLOCK 
FREQUENCY 
POWER DISSIPATION 
VERSUS 
~ 
VERSUS 
CLOCK 
FREQUENCY 
POWER SUPPLY 
VOLTAGE 
E 1000 


T 
'~'2~oC 
35 
TA - 25°C 
I 
w 
100 
Alii. 
CL = 15 pF 
- 
Cl 


I 
I 


N 
30 
/' 
c( 
:z: 


:.: 
;.- 
~ 
U 
10 
" 
I 
25 
/ 


c( 
VDD = 15 V 
" 
.•. 


VDD 
= 10V, 
- 
> 
a: 
" 
u 
w 
1.0 
Z 
20 
... 
,'. 
~;;- 
w 
::;) 
/ 
~ 
10-1 
:;;..." 
0 
" 
:;;..." 
:::, 
w 
15 
/ 
i= 
~p~= ~,~ 
a: 
c( 
:;;..." 
... 


~ 
10-2 
:.: 
" 
III 
IIII 


u 
10 


<II 
~ 
0 
/ 
i5 10-3 


...• 
U 
5 
ffi 
.; 
CL= 
15 pF-- 
/ 
~ 
10-4 
CL = 50 pF --- 
0 
!( 
102 
103 
104 
105 
106 
107 
0 
5 
10 
15 


CLOCK 
FREQUENCY 
- 
Hz 
VDD 
- 
POWER SUPPLY VOLTAGE 
- 
V 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
. 160 
. 180 
l: 


~~ 


l: 


;AO"'~ 
I 
CL = 15 pF 
I 
p---- 
> 
140 
t-- 
> 
160 
l 
""DO ",y 
:3 
""DO 
:3 
140 
~'i\.'"""DO? 
w 
W 
C 
120 


~ 
~OO~ 


l-- 
c 
~'i",0" 
z 
z 
120 
0 
100 


~ 


0 
.•. 
V /l 
I 
i= 
VV 
i= 
100 
c( 
c( 
...V 
VDD -10V 
Cl 
80 
Cl 
tPHL 


c( 
VtPHL 
V~D=10V 
1.0" 
c( 
80 
-, 
10" 
.•. 
V 
... 


~P~~- 
0 
60 
~ 


0 
a: 
1/ 
tPLI\ 
"0 
a: 
60 
... 
.•. 
~~I-- 
~- 
I 
40 
...-, 
J..-~ 
I 
40 
0 
I - 
j...."l-- 
"DO 
= 15 ~ 
0 
~ 
tPI\L 


1 


,,01- I 
0 
0 
0 
20 I_I-- 
'" 
trl\L,- 
I 
_I 
0 
20 
l- 
I- 
tPLJ;t 
VDD 
= 15 V 


It 
o 
tPLH 
VOO = 15 V 
~ 
0 


-60 
-20 
20 
60 
80 '00,20'40 
0 
20 
40 
60 
80 
100120140160 
-40 
0 
40 


TA - 
AM81ENT 
TEMPERATURE 
- 
°C 
CL - 
LOAD 
CAPACITANCE 
- 
pF 


SWITCHING 
WAVEFORMS 


"'MRIHI 


MR --.J k 
50% 
~ \" 


cp~~~ 
- 
tree 


CP 


twCP(H) 
50% 
tpLH- ---l 
l-.+-tPHL 
A· 
OO 


% 


90% 
.--"' 


QO~ 
't=-tTHL~ 


50% 


10% 
,. 
Q 
50% 


PROPAGATION 
DELAY 
MASTER 
PROPAGATION 
DELAY 
CLOCK 
TO 
RESET TO OUTPUT. 
MINIMUM 
MASTER 
RESET 
OUTPUT 
00. 
OUTPUT 
TRANSITION 
PULSE WIDTH 
AND 
RECOVERY 
TIME 
FOR MASTER 
RESET 
TIMES 
AND 
MINIMUM 
CLOCK 
PULSE WIDTH 


40218 


8-81T SHIFT REGISTER 


DESCRIPTION 
- 
The 
4021 B is an Edge-Triggered 
8-BIt 
Shift 
Register (Parallel-la-SerIal 
Converted 
with 
a synchronous 
Serial 
Data 
Input 
(OS), 
a Clock 
Input 
(CPI, an asynchronous 
active 
HIGH 
Parallel 


Load Input 
(PL), 
eight asynchronous Parallel Data Inputs (PO-P7) and Buffered 
Parallel Outputs 
from 


the last three stages 105-071. 
. 


Information 
on the Parallel Data Inputs 
(PO-P7) 
is asynchronously 
loaded into 
the register while the 


Parallel 
Load Input 
IPL) is HIGH, 
independent 
of the Clock 
ICP) and Serial Data IDSI 
inputs. 
Data 


present in the register is stored on the HIGH-la-LOW 
transition 
of the Parallel 
Load 
Input 
(PL). 


When 
the Parallel 
Load 
Input 
is LOW, 
data on the Serial Data 
Input 
(OS) 
is shifted 
into the first 


register position 
and all the data 
in the register is shifted one position 
to the right on the LOW-to- 


HIGH 
transition 
of the Clock 
Input 
(C"'l. 


• 
TYPICAL 
SHIFT 
FREOUENCY 
OF 18.1 MHz AT VDD = 10 V 
• 
PARALLEL-TO-SERIAL 
DATA 
TRANSFER 
• 
BUFFERED 
OUTPUTS 
AVAILABLE 
LAST THREE 
STAGES 
• 
CLOCK 
INPUT 
IS L - 
HEDGE-TRIGGERED 


PIN NAMES 
PL 


PO-P7 
Os 
CP 
°5-°7 


Parallel Load Input 


Parallel Data Inputs 
Serial Data Input 
Clock Input 
IL- 
HEdge-Triggered) 


Buffered 
Parallel Outputs 
from the Last Three Stages 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


VDD"" 
Pin 
16 


VSS 
= Pin 8 
o 
= Pin 
Number 


• 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUIescent 
XC 
20 
40 
80 
"A 
MIN,25°C 


~o~r 


150 
300 
600 
MAX 
All inputs 
at 


DD 
Supply 
5 
10 
20 
"A 
MIN,25 
C 
o Vor 
VDD 
XM 
300 
600 
MAX 
Curren~__ 
--l- 
150 


LIMITS 


SYMBOL 
PARAMETER 
VOD = 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
T~ST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
134 
59 
40 
ns 


Propagation Delay. CP to On 


tPHL 
184 
74 
49 
ns 


tPLH 
188 
78 
54 
ns 
Propagation 
Delay. PL to On 


tpHL 
274 
105 
72 
ns 


tTLH 
58 
31 
22 
ns 


Output 
Transition 
Time 


'THL 
69 
27 
22 
ns 
CL = 50 pF, 


twCP 
CP Minimum 
Pulse Width 
61 
21 
14 
ns 
RL =200 kn 


twPL 
PL Mlnumum 
Pulse Width 
67 
24 
16 
ns 
J nput Transition 


tree 
PL Recovery Time 
71 
28 
21 
ns 
Times" 20 ns 


's 
Set-Up 
Time 
Os to CP 
51 
16 
12 
' ns 


th 
I Hold Tome DS to CP 
49 
15 
11 
ns 


ts 
I Se,·Up T;me Pn to PL 
78 
28 
18 
ns 


th 
Hold TIme, Pn to PL 
72 
26 
16 
ns 


fMAX 
Shift Frequency (Note 
3) 
7.8 
18.1 
21 
MHz 


NOTES' 


1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
sec..:tion 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
'MAX, 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
~s at 
VOO 
= 5 V. 
4 jJ.S at 
VOO 
= 10 
V. 
and 
3 ~s at 


VOO=.15V 


• 
1 ... CP 
.• 


CP~ 


40228 
4-STAGE DIVIDE-BY-8 JOHNSON COUNTER 


DESCRIPTION 
- The 40228 
is a 4-Stage Divide-by-8 Johnson 
Counter 
with eight glitch free active 
HIGH Decoded 
Outputs 
(00-071. 
an active lOW OutPut 
from the most significant 
flip-flop 
(04-71. 
en active 
HIGH and an active lOW Clock Input 
(CPO. CP1) and an overriding 
asynchronous 
Master 
Reset Input (MRI. 


The 
counter 
is advanced 
by either 
a LOW-to-HIGH 
transition 
at CPO while 
CP, 
is LOW or a HIGH-to- 


LOW 
transition 
at CP, 
while 
CPO is HIGH 
(see Functional 
Truth 
Table), 
When cascading the counters, 
the 04-7 
Output 
(which is lOW while the counter 
is in states 4.5.6 
and 7) can be used to drive the 
CPa Input 
of the next 40228. 
A HIGH on the Master Reset 
Input 
(MR) resets the counter 
to Zero 
(00 = 04=7 = HIGH. 01 - 07 = lOW) independent 
of the Clock Inputs (CPO. CP11. 


• 
CLOCK EDGE·TRIGGERED 
ON EITHER A lOW-TO·HIGH 
TRANSITION 
OR A 
HIGH-TO-lOW 
TRANSITION 
• 
BUFFERED 
CARRY OUTPUT {O4-71 AVAilABLE 
FOR CASCADING 
• 
BUFFERED 
FUllY 
DECODED OUTPUTS 


PIN NAMES 
CPa 
CP1 
MR 
go-07 
4-7 


Clock Input (l~H 
Edge-Triggered) 
Clock Input (H~l 
Edge-Triggered) 


Master 
Reset Input 
Decoded 
Outputs 
Carry (Active lOW) OutPut 


MR 
CPa 
CP1 
OPERATION 


H 
X 
X 
00 = 04_7 
= H; 01-07 
= l 


l 
H 
H~l 
Counter 
Advances 


l 
l~H 
l 
Counter 
Advances 


l 
l 
X 
No Change 


l 
X 
H 
No Change 


l 
H 
l~H 
No Change 


l 
l~l 
l 
No Change 


- 
HIGH 
Level 


•.•LOW Level 
= LOW-to-H IGH Transition 


•• HIGH-to--LOW 
Transition 


•.• Don't 
Care 


NC 
..•Pin 
6,9 
VOD 
•.•Pin 16 


VSS 
= Pin 
8 
o 
...Pin Numb. 


•.• Pin 
16 


..•Pin 
8 


..•Pin 
6,9 


NOTE' 
The 
FlatPak 
version has the 
same 


pinouts 
(connection 
Diagram) 
as the 
Dual I"-line package • 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
600 
I'A 
MAX 
All inputs 
at 
Power 
150 
300 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
OVor 
VDD 


XM 
I'A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD~15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
245 
95 
60 


CPO or CP1 to On 
ns 
tpHL 
195 
75 
50 


tpLH 
Propagation 
Delay. 
190 
75 
50 


CPO or CP1 to 04.7 
ns 


tPHL 
245 
90 
60 


tpHL 
Propagation 
Delay, MR to On 
130 
55 
40 
ns 


tpLH 
Propagation 
Delay, MR to Q4-7 
110 
45 
35 
ns 
CL=50pF, 


tTLH 
70 
35 
25 
RL = 200 kn 
Output Transition Time 
ns 
tTHL 
70 
35 
25 
Input 
Transition 


twCP 
Min. CPO or CP1 Pulse Width 
35 
15 
10 
ns 
Times" 20 n:; 


twMR 
Minimum 
MR Pulse Width 
35 
,I 
15 
10 
ns 


tree 
MR Recovery 
Time 
10 
5 
5 
ns 


th 
Hold Time, 
CPO to CP1 
70 
25 
15 
ns 


th 
Hold Time, CP1 to CPO 
85 
30 
20 
ns 


fMAX 
Input Count Frequency (Note 3) 
6 
16 
24 
MHz 


NOTES: 
1. 
Additional 
QC Characteristics 
are listed 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX• 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 ns. 


4. 
It 
is 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 #s at 
VOO 
'" 5 V, 4 /J.sat 
VOO 
= 10 V. and 
3 /J.sat 
VOO'" 
15 V. 


HOLD 
TIMES, 
CPO TO CP, AND 
CP, TO CPO 
NOTE: Note: Hold Times are shown as positive values, but 
may be specified as negative values. 


MINIMUM 
PULSE WIDTHS 
FOR CP AND 
MR 
AND 
RECOVERY 
TIME 
FOR MR 
CONDITIONS:CP1 
= LOW while CPO is triggered 
on a LOW.to.:!:!..!...GH 
transition. 
twCP and trec 
also apply 
when 
CPO = HIGH and 
CP1 is 
triggered on a HIGH-to-.LOW transition. 


40238 


TRIPLE 3-INPUT 
NAND GATE 


NOTE: 
The 
Flatpak 
version 
has the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


DC CHARACTERISTICS: 
VDD as shown, VSS = 0 V (See Note 1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD = 10 V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 


Power 
XC 
7.5 
15 
30 


jiA 


IDD 
MAX 
All inputs at 
Supply 
0.25 
0.5 
1 
MIN,25°C 
o V or VDD 
Current 
XM 
jiA 
7.5 
15 
30 
MAX 


AC CHARACTERISTICS: 
VDD as shown, VSS = 0 V, T A = 25°C (See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
45 
110 
25 
60 
19 
48 
ns 
CL=50pF, 
Propagation 
Delay 
tPHL 
51 
110 
25 
60 
12 
48 
ns 
RL=200kf1 


tTLH 
45 
135 
18 
70 
17 
45 
ns 
Input Transition 
Output Transition Time 
tTHL 
45 
135 
18 
70 
12 
45 
ns 
Times"'; 
20 ns 


NOTES: 
,. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2 
Propagation 
Delays 
and Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 
• 
VERSUS 
LOAD 
CAPACITANCE 
E 1000 


T~I~125OC IIU. 


~ 00 
c '40 
I 
I 
Cl" 
15 pF 
I 
1-+1 
I 
TA "25°C 
I I 
I 
w 
100 
> 
~ 120 
" 
IIII 
I ~RI'~l'ci~ 
~ 
3. 
~ 
~,pJ 
~~Dl.L 
I 
I 
0 
10 
C 
30 
C 
: 
IIII 


VOD:: 
5 V", 
••. 
Z 
...... 
V 
'1"1 'j' r 
z 100 


VDD=5~ 
C 
2. 
C 
'PH 
'" 
1.0 
;:: 
~ 
~ 
VDDi5V; 
", 
.. 


HPLH'P+~ 


80 
l/r-kr 
~ 
10-1 
" 20- 
= 
" 
: 
: 60 
;:: 
, 
/ 
.. 
: 


0 1. 
f 
::;;~I--JtPLH VOO = 5 V 
.. 
~ 
~ 10-2 
' 
/ 
-l- 
I -L +-+-- 
? 
'~ 
::l 
A 
CL=15PF~ 


I 10 
I 00 
a 10-3 
:5 
tPLH tpHL Voo 
= 16 r 
% 


'" 


/ 


elL 
~~ pr~III 


S- • 


~ 
20 
, 


w 


.1" 


.:. 
I 
I 
I 
.:. 
·tpLH tPHll VOD = 16 V 
~ 10-4 
! 
~80.40-20 
0 
2040 
eo 80100120140 


% 
00 
~ 
102 
103 
100 
10' 
10' 
107 
S- 
20 
00 
60 
80 
100 120'40 
leD 
INPUT FREQUENCY 
- 
Hz 
TA - 
AMBIENT 
TEMPERATURE 
- 
oc 
Cl 
- 
lOAD 
CAPACITANCE 
- 
pf 


• 


40248 
7-STAGE BINARY COUNTER 


DESCRIPTION 
- 
The 
40248 
is a 
7-Stage 
Binary 
Ripple 
Counter 
with 
a Clock 
Input 
(CPl. an 


overriding asynchronous 
Master Reset Input (MAl and seven fully Buffere~arallel 
Outputs (°0-06). 


The counter advances on the HIGH·to·LOW 
transition 
of the Clock Input 
ICP). A HIGH 
on the Master 
Reset Input 
(~R) 
clears all counter 
stages and forces all Outputs 
(°0-06) 
LOW, 
independent 
of the 
Clock Input 
(CPl. 


• 
TYPICAL 
COUNT 
FREQUENCY 
OF 30 MHz AT VDD = 10 V 
• 
CLOCK 
TRIGGERED 
ON THE HIGH-TO-LOW 
TRANSITION 
• 
ASYNCHRONOUS 
ACTIVE 
HIGH 
MASTER 
RESET 
• 
OUTPUTS 
AVAILABLE 
FROM ALL 
SEVEN STAGES 


VOO'" 
Pin 
14 


VSS 
'" Pin 
7 


NC 
"" Pins 8,10 
and 
13 


PIN NAMES 
CP 
MR 
00-06 


Clock Input 
(H- 
L Triggeredl 


Master 
Reset Input 


Buffered 
Parallel 
Outputs 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


VDD = Pin 14 
VSS 
: Pin 7 
NC 
: Pins 8.10 and 13 
o 
= Pin Number 


L1IVII I:> 


SYMBOL 
PARAMETER 
VOD = 5 it 
VDD = 10 V 
VDD= 
15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
XC 
20 
40 
80 
~A 
MIN,25°C 


Power 
150 
300 
600 
MAX 
All 
inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25 
C 
o V or VDD 


Current 
XM 
150 
300 
600 
~A 
MAX 


AC CHARACTERISTICS 
AND 
SET-UP REQUIREMENTS: 
VDD 
as shown, VSS = 0 V, TA = 25°C (See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
- 10 V 
VDD 
- 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay, 
CP to QO 
100 
200 
45 
90 
30 
72 
ns 


I 


tpHL 
97 
195 
40 
80 
25 
64 
ns 


tpHL 
Propagation 
Delay, 
MR 
to Qn 
130 
260 
50 
100 
35 
80 
ns 


tTLH 
60 
130 
30 
70 
25 
45 
ns 
CL=50pF, 
I 


Output 
Transition 
Time 
RL=200kn 


tTHL 
60 
130 
30 
70 
25 
45 
ns 


twCP 
CP Minimum 
Pulse Widt •... 
90 
45 
35 
17 
28 
13 
Input 
Transition 


ns 


Times 
~ 20 
ns 


twMR 
MR 
Minimum 
Pulse Width 
80 
40 
30 
15 
24 
12 
ns 


tree 
MR 
Recovery 
Time 
60 
30 
25 
12 
20 
9 
ns 


'MAX 
Input 
Count 
Frequency 
(Note 
3) 
6 
12 
15 
30 
18 
36 
MHz 


NOTES: 
1, 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2, 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3, 
For 
fMAX, 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
I nput 
be less than 
15 
J,lS 
at 
V DO 
= 
5 V, 
4 
J,lS 
at 
VDO 
= 10 V. 
and 
3 
J,lS 
at 
VOO = 15 V. 
• 


CLOCK 
FREQUENCY 
VERSUS 
POWER SUPPLY VOLTAGE 


~/// 
// 
/ 


I 
oo 
5 
10 
15 


VDD - 
POWER SUPPLY VOLTAGE 
- 
V 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


M 
VERSUS 
LOAD 
CAPACITANCE 
~ 
VERSUS TEMPERATURE 
c 
180 


.1 
I 


c 
160 


I 
TA = 25°C 
I 
CL = 15 pF 
> 
160 
VDD =L5 V ;;;- 
> 
140 
5 
I 
L..-::::" 
5 
w 
140 


~~=5V- 


w 
0 
0 
120 
z 
120 
z 
VDD = 5 V 
0 
,.,. 
0 
100 
;:: 
;:: 
tPLH 
__ --1:::::8-: 5 V 
<t 
100f~ 
<t 
<:l 
<:l 
80 
<t 
80 
tPHL 
<t 
__~V- 
DO 
Q. 
Q. 


0 
VDD = 10 V 
~ 
I.- 
0 
60 -V 
tPHL 
II: 


60 
tiLH 
II: 


~ 
VOID - 10 ~-,~ 
Q. 
1.--1--::::::- 
Q. 


tpLH 
I 
I 
40 
c 
40 
I 
~-f\-I-- 
a 
::: 
0 
0 
20 
0 
20 
iL tP~~ 
- 
VDD = 15 V 
... 
tPHL ~ 
"-\. 
VD1l::-15 
V 
... 


It 
0 
It 
0 
0 
20 
40 
60 
80 
100120140 
160 
-60 -40 -20 
0 
20 
40 
60 
80100120140 


CL - 
LOAD CAPACITANCE 
- 
pF 
TA - 
AM81ENT TEMPERATURE 
- 
°C 


40258 
TRIPLE 3-INPUT NOR GATE 


DESCRIPTION 
- 
This CMOS 
logic element 
provides a 3-input 
positive 
NOR 
function. 
The outputs 
are fully 
buffered 
for highest noise immunity 
and pattern 
insensitivity 
of output 
impedance. 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


DC CHARACTERISTICS: 
VDD as shown, 
VSS = 0 V ISee Note 1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 


Power 
XC 
7.5 
15 
30 
"A 
MAX 
All inputs at 
IDD 
Supply 
0.25 
0.5 
1 
MIN,25°C 
o V or VDD 
XM 
"A 
Current 
7.5 
15 
30 
MAX 


AC CHARACTERISTICS: 
VDD as shown, VSS = 0 V, T A = 25°C (See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
45 
110 
20 
60 
15 
48 
ns 
CL=50pF, 


Propagation 
Delay 


tpHL 
47 
110 
25 
60 
21 
48 
ns 
RL = 200 kfl 


tTLH 
3B 
135 
20 
70 
15 
45 
ns 
Input Transition 
Output 
Transistion 
Time 
tTHL 
38 
135 
15 
70 
11 
45 
ns 
Times ~ 20 ns 


NOTES, 
1- 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characterist.ics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS 
FREOUENCY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
~1000 
~<0 
~ 140 
"'U~IIII1'~iI 


I 
CL = 15 p~ I 
..L-+- V 
I 
TA = 25°C 
I 
> 
3. 
~ 
120 
w 
'00 
" 
V~D IJlt~~ 
1m~ 
: 
~ 
...- --t;HL 
Yoo = 5 V L.--- 
:l 
'0 
0 
30 
1.J.-.r 
~ 
100 
0 
z 


tplviw 
: 
0 
2' 
" 
~ -- 
~ 801- 
- 
~ 
'.0 
tPLH VOO = 5 V 
- 


/ 
" 
20 
" 
~10-1 


,," 
VOO:- 5 V 
: 
tpLH tpHL VOO :- 10 ty 
: 60 


~ 


0 ,. 
- 
0 


~P~y~=5V 
;:: 
"" 
YOO"5V 
I:: 
-~ 
l- 
I:: 
-- 
:: 10-2 
17/ 
I 
'0 
I 
<or:::- -- tP;~tPHL~ 
in 
VOO = 10V 
~ 
~ 10-3 
5 
tPLH tPHL Yoo 
= t 5 V 


~LO'6PF--- 
~ 
6 
20 


tpLH tPHL VOO ~ t 5 ~ 
" 
Cl" 
50 pF--- 
-' 
I 
I 
-' 
oF- 
IU to-4 
'" 
0 
! 
~ 
102 
103 
104 
105 
106 
107 
~ 
-80-40-20 
0 
20 
406080100120140 
0 
20 
<0 
60 
80 
100 120 140 160 


INPUT FREQUENCY - 
Hz 
TA - 
AMBIENT TEMPERATURE - 
°C 
CI: - 
lOAO CAPACITANCE - 
pF 


• 


40278 


DUAL JK FLIP-FLOP 


DESCRIPTION 
- 
The 40278 
is a Dual JK FIi~Flop 
which is edge-triggered and features independent 
Direct 
Set, Direct 
Clear, and Clock 
inputs. 
Data is accepted when the Clock 
is LOW and transferred 
to 
the 
output 
on 
the 
positive-going 
edge 
of 
the 
Clock. 
The 
active 
HIGH 
asynchronous 
Clear 
Direct 
(CO) 


and 
Set 
Direct 
(SOl 
are 
independent 
and 
override 
the J, K, or Clock 
inputs. 
The 
outputs 
are 
buffered 
for best system performance. 


PIN NAMES 
J. K 
CP 
So 
Co 
o 
a 


Synchronous Inputs 
Clock Input (L - 
HEdge-Triggered) 
Asynchronous 
Direct Set Input (Active HIGH) 


Asynchronous 
Direct Clear Input (Active HIGH) 


True 
Output 


Complement 
Output 


ASYNCHRONOUS 
OUTPUTS 
INPUTS 


So 
Co 
0 
0 


L 
H 
L 
H 


H 
L 
H 
L 


H 
H 
H 
H 


L 
'" LOW 
Level 
H 
:: HIGH 
Level 


.r 
= Positive-Going 
Transition 
Qn+ 1 :.= State Aher 
Clock 
Positive 
Transition 


SYNCHRONOUS 
OUTPUTS 
INPUTS 


CP 
J 
K 
On+l 
°n+l 


.J 
L 
L 
NO CHANGE 


.J 
H 
L 
H 
L 


.J 
L 
H 
L 
H 
- 


On 
.J 
H 
H 
On 


I 


I 


~14 


I 
I 


NOTE, 
T~e 
Platpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-10V 
VOO-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
4 
8 
16 
)JA 
MIN,25°C 


Power 
XC 
30 
60 
120 
MAX 
All 
j nputs 
at 


100 
Supply 
1 
2 
4 
MIN,25 
C 
o V or VOO 


Current 
XM 
30 
60 
120 
)JA 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO - 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
- 
100 
200 
45 
85 
30 
68 
ns 
Propagation 
Delay, CP to Q, Q 


·100 
200 
45 
85 
30 
68 
tpHL 
ns 


tPLH 
Propagation 
Delay, So to Q 
180 
350 
90 
175 
75 
140 
ns 


tpHL 
Propagation 
Delay. Co to a 
180 
350 
90 
175 
75 
140 
ns 


tTLH 
85 
150 
45 
85 
30 
50 
ns 


Output 
Transition 
Time 
tTHL 
85 
150 
45 
85 
30 
50 
ns 
CL=50pF, 


ts 
Set-Up Time, J, K to CP 
100 
45 
40 
20 
32 
15 
ns 
RL =200 
kn 


th 
Hold Time, J, K to CP 
0 
-25 
0 
-10 
0 
-5 
ns 
Input Transition 


tyyCP(Ll 
Minimum 
Clock 
Pulse Width 
150 
75 
70 
35 
56 
25 
ns 
Times 
:(; 20 ns 


twSO(H) 
Minimum 
So Pulse Width 
150 
75 
60 
30 
48 
25 
ns 


tyyC°IH) 
Minimum 
Co Pulse Width 
150 
75 
60 
30 
48 
25 
ns 


trecSO 
Recovery Time for So 
0 
-5 
0 
-4 
0 
-3 
ns 


t",cCO 
Recovery Time for CD 
0 
-5 
0 
-4 
0 
-3 
ns 


fMAX 
Maximum 
CP Frequency 
(Note 2) 
4 
8 
8 
16 
9 
19 
MHz 
• 


NOTES; 
..,. 
Additional 
DC Characteristics 
are listed in this section 
under 4000B 
Series CMOS 
Family 
Characteristics. 


2. 
~or 
fMAX 
input rise and fall times are greater than or equal to 5 ns and less than or equal to 20 ns. 


3. 
Prl!.pagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Senes 
CMOS 
Family 
Characteristics. 
4. 
It 
is "ecommended 
that 
input 
rise and fall 
times 
to the Clock 
Input 
be less than 15 JJ.S at VOO 
= 5 V. 4IJs 
at VOO 
= 10 V. and 3IJs 
at 
VOO'15V, 


..••J:l 
/.v..J:i 


~~ 
10 
VDD~15V· 
:to--Y',jY, 


~~ 
10 
VDD ~ 10V-+ 
_~~:;::V 


"'4. 
-~~I;Y 
Dl}10-1 
.V:- 
a: 4. 
/. 7":if 
... 
!Y"o. 


WI>. 
•••?~..y .•.;;"oC', 
VDD ~ 5 V 
~ a: 10,2 
-9'.•..~ -'l 
Ow 
~~ 
,.... 
I 


1>.1>. 
V ... 
;;';- 
VDD ~ 10V 


10'3L 
•••./ 
-CL 
~ 15 pF 
V 
I 
--CL~50pF 
10-4 
, 
,,'I 
I 


102 
103 
104 
105 
106 
107 
IN PUT FREQUENCY - 
Hz 


PROPAGATION 
DELAY 
VERSUS TEMPERATURE 


~100 
CL::: Hi 
pF 


I 
90 
,. 
:3 
80 
wo 
70 
~ 
60 
.....r---- 


;:: 


~ 
50 
Ii: 40 
a 
g: 30 


I 
20 
o 
~ 
10 


I>. 
() 


PROPAGATION 
DELAY 
VERSUS POWER SUPPL Y VOL TAGE 
~ 
300 
~200 


1180 
,. 


~160 
w 
0140 
Z 
0120 
;:: 


~100 
f 
80 
o 
g: 60 


I 
40 
o 
~ 
20 
~ 
°0 
5 
10 
15 


VDD - 
POWER SUPPLY VOLTAGE - 
V 


VDD ~ 10V I-- 
--_I-- 
_ -I-- 
VDD ~ 15V 


o 
-60,40 
-20 
0 
20 
40 
60 
80100120140 


TA - 
AMBIENT TEMPERATURE 
- 
°C 


PROPAGATION 
DELAY 
VERSUS LOAD CAPACITANCE 


TA = 25°C 


VDD=y-/ 


...... 
V 
JDD~~ 


V~ 
-~5V- 
-~ 
T 
'f 
I 


20 
40 
60 
80 
100120 
140 
160 


CL - 
LOAD CAPACITANCE 
- 
pF 


-I 
l--twSDIHI 


SD~ 


I 


----'1 
I-+- twCO(H} 
A 
-, 
l-trecSD -11-treceD 


NOTE· 


ts & 
th 
are shown 
as positive 
values 
but 
may 
be 
specified 
as negative 
values 


o.--J 


40288 
I-OF-IO 
DECODER 


DESCRIPTION 
- 
The 4028B is a CMOS 4 Bit BCD to 1-01-10 active HIGH decoder. A 1-2-4-8 BCD 
code applied to inputs AO through A3 causes the selected output 
to be HIGH, 
the other nine will be 


LOW. 
If desired, 
the 40288 
may be used as a 1-of-8 
decoder 
with 
enable; 
3-bit 
octal inputs are applied 


to inputs AO. 
A,. 
and A2 
selecting an output 0 through 7. Input A3 then becomes an active 
LOW 
enable, 
forcing 
the selected output 
LOW when A3 is HIGH. 
The 40288 
may also be used as an a-input 


demultiplexer 
with an active LOW data input. The outputs are fully buffered for best performance. 


• 
BCD TO 1-0F-l0 
DECODER 
• 
1-0F-8 
DECODER WITH ACTIVE 
LOW ENABLE 
• 
8-INPUT 
DEMULTIPLEXER 
WITH ACTIVE 
LOW DATA 
INPUT 


PIN NAMES 
AO - 
A3 


00 - 09 


INPUTS 
OUTP\JTS 


A3 
A2 
Al 
AO 
00 
0, 
020304 
aS 06 
07 
08 
09 


L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 


L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 


L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 


H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


Voo 
:: Pin 
16 


VSS 
=: Pin 
8 
o 
=: Pin Number 


• 


NOTE, 


The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-Iine 
Package. 


;)TIVlt5UL. 
t'AHAMt:ltH 
VOO 
=5 
V 
VOO=10V 
VOO=15V 
' UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
p.A 
MIN. 
25°C 


Power 
XC 
150 
300 
600 
MAX 
All 
inputs 
at 
100 
Supply 
5 
10 
20 
MIN. 
25°C 
o Vor 
VOO 


Current 
XM 
150 
300 
600 
p.A 
MAX 


AC CHARACTERISTICS: 
VOO a_sshown. 
VSS = 0 V. T A = 25°C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
167 
325 
66 
145 
45 
53 
ns 
CL=50pF. 


tPHL 
Propagation 
Delay. 
An 
to On 
157 
325 
57 
145 
40 
46 
ns 
RL = 200 kn 


tTLH 
85 
200 
40 
100 
31 
70 
ns 
Input 
Transition 


Output 
Transistion 
Time 
tTHL 
110 
200 
37 
100 
25 
70 
ns 
Times 
__ 20 
ns 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Charecteristics. 
2. 
Propagation 
O~lays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


TYPICAL ELECTRICAL 
CHARACTERISTICS 


POWER 
DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
E '000 
~200 
I 
~ 300 
I 
T~I~12504111 
I 
Cl = 16 pf 
I 
TA = 25°C 
.U~ 
w 
100 
rill· 
> 
'80 


I 
> 
" 
10 IIII I IIII 
~ 
~ 
280 
C 
., 
'80 
"oo~~ 
.. 
~ 
" 


..' 
u 
0 
140 
f- 
0 
~ 
~ 
Voo'" 
15V 
Z 
V 
z 
200 
Voo ;..2,0 V 
..' 
..' .., 
0 
'20 
0 
"" 
: 1.0 
.' 
.' 
F 
~ 
1~ 
.' .' 
c 
..' 
" 
'00 
" 
"0 
~ 10-1 
.' 
..' 
~ 
~ 
-fP 
~ 
.... ..' ....... 
0 
80 
0 
''''1L 'If 0 '1'0'11\ 
..' 
f 
"DO='\O~ 
f 
100 
~ 10-2 
......, 
80 
I-~ 
='\0'1 
i::=>' 
..' 


'1°rlil 


5 


l 
V 
I 
f:::: ~D='\SV 
I 
VI 
•• , 
..' 
<5 
'0 t-- 


""" 


"",to' V 
is 10-3 
..' 
J 
.0 
CI: 
•• ' 


I1II 


CL=15pF 
11 
20 


I I 


0 
tpL voot,~ 
V~o'" 
v ~ 
~ 10-4 
Cl = 50 pF ..... 
~ 
c 
0 
~ 
0 
I? 
'02 
103 
'04 
10' 
'08 
107 
C 
-80 
-20 
20 
80 
'00 
,.0 
0 
20 
40 
80 
80 
100 120 140 
1&0 


INPUT FREQUENCY:- 
Hz 
TA - 
AMBIENT TEMPERATURE - 
OC 
Cl - 
LOAD CAPACITANCE - 
pF 


4029B 
SYNCHRONOUS UP/DOWN COUNTER 


DESCRIPTION 
- 
The 4029B 
is a Synchronous 
Edge-Triggered 
Up/Down 
4-Bit 
Binary/BCD 
Decade 
Counter 
with 
a Clock 
Input 
(CPI,an active LOW Count 
Enable Input 
ICE),an 
Up/Down 
Control 
Input 
(UP/ON), 
a 
Binary/Decade 
Control 
Input 
(BIN/OEC), 
an overriding 
asynchronous 
active 
HIGH 
Parallel Load Input 
IPLl, 
four 
Parallel DataJ!!puts 
(PO-P3), four 
Parallel Buffered 
Outputs 
(00-031 
and an active LOW Terminal 
Count Output 
(Te), 


Information 
on the Parallel Inputs 
(PO-P3) is loaded into the counter while the Parallel Load Input 
(PLl 
is HIGH, 
independent 
of all other 
input 
conditions. 
With 
the Parallel Load Input 
(PLl 
LOW, 


operation 
is synchronous 
and is edge-triggered 
on the 
LOW-to-HIGH 
transition 
of the Clock 
Input 
(CPl. Operation 
is determined 
by the three synchronous 
Mode Control 
Inputs; 
UP/ON, 
BIN/DEC 
and 
CE (see the Mode Selection Table). These inputs must be stable only during the set·up time prior to 
the LOW-ta-HIGH 
transition 
of the Clock 
Input 
(CP) and the hold time after this clock transition. 


The Terminal Count Output 
(TC) is LOW when the counter is at its terminal count, as determined by 
the counting 
mode, and the Count 
Enable Input 
(CE) is LOW Isee Logic Equation 
for TCI. 


uPtON 


CE 


CP 


• 
BINARY 
OR DECADE 
UP/DOWN 
COUNTER 


• 
ASYNCHRONOUS 
PARALLEL 
LOAD 
• 
ACTIVE 
LOW COUNT 
ENABLE 
• 
CLOCK 
EDGE-TRIGGERED 
ON THE LOW-TO-HIGH 
TRANSITION 


• 
ACTIVE 
LOW TERMINAL 
COUNT 
FOR CASCADING 
• 
TYPICAL 
COUNT 
FREQUENCY 
OF 12 MHz AT VDD = 10 V 


PIN NAMES 
PL 


PO-P3 
BIN/OEC 
UP/ON 
CE 
CP 
00-03 
TC 


Parallel Load Input 
Parallel Data Inputs 
Binary/Decade 
Control 
Input 
Up/Down 
Control 
Input 
Count 
Enable Input 
(Active 
LOW) 
Clock Input 
IL-H 
Edge-Triggered) 
Buffered 
Parallel Outputs 
Terminal 
Count Output 
(Active 
LOW) 
• 


PL 
BIN/OEC 
UP/ON 
CE 
CP 
MODE 


H 
X 
X 
X 
X 
Parallel Load (Pn - 
an) 


L 
X 
X 
H 
X 
No Change 


L 
L 
L 
L 
J 
Count Down, Decade 


L 
L 
H 
L 
J 
Count 
Up, Decade 


L 
H 
L 
L 
J 
Count Down, 
Binary 


L 
H 
H 
L 
S 
Count 
Up, Binary 


H = HIGH 
Level 


L = LOW Level 


X = Don't 
Care 
r = Positive-Going 
Transition 


NOTE, 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


VDD:::;: Pin 
16 


VSS 
:::;:Pin 8 
o :::;: 
Pin Number 


0" 
, 
0 


" 
0 


PI 
(Parallel 
Load 
Input) 
- 
Asynchronously 
Loads 
Pinto 
Q, Overriding 
all Other 
Inputs 


P (Parallel 
Input) 
- 
Data 
on this Pin is Asynchronously 
Loaded 
into 
Q, when 
PI. is LOW 
Overriding 
all Other 
Inputs 
T (Toggle 
Input) 
- 
Forces 
the Q Output 
to Synchronously 
Toggle 
when 
a LOW 
is Placed 
on this 
Input. 


CP (Clock 
Pulse 
Input) 


Q, Q (True 
and Complimentary 
Outputs) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
XC 
20 
40 
80 
MIN,25°C 
Power 
150 
"A 


'DD 
300 
600 
MAX 
All inputs at 
Supply 
5 
10 
20 
MIN,25°C 
o Var 
VDD 
XM 
"A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD-lOV 
VDD - 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
150 
350 
62 
160 
41 
12B 
n, 


Propagation Delay. CP to Qn 
tpHL 
150 
350 
59 
160 
39 
128 
n, 


tpLH 
- 
167 
450 
71 
180 
48 
144 
n, 


Propagation 
Delay, 
CP to TC 
tPHL 
252 
650 
100 
245 
66 
196 
n, 


tpLH 
170 
325 
70 
150 
45 
120 
n, 


Propagation 
Delay. PL to Qn 


tPHL 
220 
450 
90 
195 
62 
156 
n, 


tTLH 
60 
135 
31 
75 
23 
45 
n, 


Output TranSition Time 


tTHL 
65 
135 
25 
75 
18 
45 
n, 


twCP 
CP Minimum 
Pulse Width 
125 
50 
60 
21 
48 
14 
n, 
CL=50pF, 


twPL 
PL Minumum 
Pulse Width 
150 
60 
55 
21 
44 
16 
n, 
RL=200kl! 


tree 
PL Recovery 
Time 
150 
62 
60 
24 
48 
17 
n, 
Input TranSltlon 


t, 
Set-Up Time, BIN/DEC 
to CP 
250 
106 
100 
41 
80 
29 
n, 
TImes 
~ 20 ns 


th 
Hold Time, 
BIN/DEC 
to CP 
0 
-90 
0 
-35 
0 
-25 
n, 


t, 
Set-Up Time, 
UP/ON 
to CP 
325 
145 
130 
55 
104 
38 
n, 


th 
Hold Time, 
UP/ON 
to CP 
0 
-90 
0 
-35 
0 
-25 
n, 


t, 
Set-Up Time, CE to CP 
275 
118 
120 
49 
96 
23 
n, 


th 
Hold Time, CE to CP 
0 
-40 
0 
-15 
0 
-10 
n, 


t, 
Set-Up 
Time, 
Pn to PL 
70 
29 
30 
11 
24 
8 
n, 


th 
Hold Time, Pn to PL 
0 
-40 
0 
-20 
0 
-20 
I 
n, 


fMAX 
Input Clock Frequency INote 2) 
2 
5 
5 
12 
6 
14 
I 
MHz 


NOTES: 


1. 
AdditionRI 
DC 
Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Familv 
Characteristics. 


2. 
For 
fMAX 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15}.ls 
at 
VOO 
"" 5 V, 
4}.ls 
at 
VOO 
10 
V, 
and 
3}.ls 
at 


VOO=15V. 
• 


~ 
c 
~ 
c 
200 
E 1000 
0 


I 
0 
w 
••• 180 


<:l 
100 
Q. 


<l 
u 160 


'" 
> 
u 
10 
<l 
140 
<l 
..J 
Q. 
W 
a: 
C 120 
w 
1,0 
Z 
Q. 
0 
100 
z 
~ 
0 
<l 
80 
~ 
<:l 
<l 
<l 
60 
Q. 
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PROPAGATION 
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- 
pF 


interconnection 
techniques 
for multistage 
counting 
are shown in Figures 1 through 4. When using the schemes shown in Figures 1, 3 and 4, the 
BIN/DEe 
and UP/ON 
Inputs 
may be changed only 
when the Clock 
Input 
to the first 
stage is HIGH. However, when using the scheme shown 


in Figure 
2, UP/ON, 
BIN/DEe 
and CE may 
be changed 
independent 
of the 
state 
of the Clock 
Input. 
The 
methods 
illustrated 
in Figures 
1 and 


3 wilt 
operate 
with 
long transition 
times at the Clock Input to the first counter; whereas, the other schemes require a fast transition 
at the 
Clock Input. 


Figure 1 is a ripple clock expansion scheme in which the maximum counting frequency is limited only by the frequency capability 
of the first 


counter. The di'iadvantage of this technique is that the Outputs of the most significant stage do not change until the clock has rippled through 
all the preceding stages. 


A fully 
synchronous expansion method is shown in Figure 2. Since the Clock Input is applied simultaneously 
to all stages,the Outputs of all 


stages change simultaneously. 
The maximum 
counting 
frequency is limited by the time required for the Count Enable to ripple through all the 


stagesbefore the next Clock Input is applied. 


The semi-synchronous technique illustrated 
in Figure 3 allows a higher counting frequency than the method shown in Figure 2 by allowing TC 


to take either 10 or 16 clock periods to ripple from 
the second stage to the most significant 
stage 110 clock periods when BIN/DEC = L, 16 


clock 
periods when BIN/DEe 
= H). The Outputs of all stages, ex~ept the first, change simultaneously. 
The Outputs of the first stage change 
before the other stages. 


The speed advantage of this scheme is lost if the count direction or count modulus is rapidly changed. 


The method shown in Figure 4 is the same as in Figure 3 except an external gate is added to reduce the delay between the Clock Input to the 
first stage and the Clock Input to the following 
stages. 


PARALLEL 
LOAO 


BIN/DEe 


UP/D'OWN 


PARALLEL 
LOAD 


BIN/DEC 


UP/DOWN 


PARALLEL 
LOAD 


BIN/DEC 


UP/DOWN 
• 


PARALLE L LOAD 


BIN/DEC 


UP/DOWN 


UP/ON 


CE 


CP 


PL 
Po 
PI 
P2 
P3 


BIN 
DEC 


UP ON 
UP ON 


CE 


CP 


PL 
Po 
PI 
P2 
P3 


BIN DfC 


UP ON 


40308 
QUAD EXCLUSIVE-OR 
GATE 


NOTE, 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual In-line Package. 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Ouiescent 
1 
2 
4 
MIN,25°C 


Power 
XC 
7.5 
15 
30 
"A 
MAX 
All inputs at 


IDD 
Supply 
0.25 
0.5 
1 
MIN,25°C 
o Var 
VDD 
XM 
"A 
Current 
7.5 
15 
30 
MAX 


LI/1ITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'PLH 
85 
170 
45 
90 
27 
72 
ns 
CL=50pF, 


Propagation Delay. A or B to X 
85 
170 
45 
90 
27 
72 
ns 
RL = 200 kn 
'PHL 


'TLH 
50 
100 
23 
50 
17 
35 
ns 
Input Transition 
Output 
Transition 
Time 
50 
100 
23 
50 
17 
35 
ns 
Times 
~ 20 
ns 
'THL 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


~ 
E 1000 
I 
w 
100 
" 
<l"u 
10 
: 
~ 1.0 


POWER DISSIPATION 
VERSUS 
FREQUENCY 


TA = 2~OC 
'A~ 


V~O~10V~~ 


VDO:"6V 
",/ 
~/ 


/.4~V 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS TEMPERATURE 
~ 
VERSUS 
LOAD CAPACITANCE 
, 
100 CL-15pF 
I 
, 
140 
> 
> 
TA 
= 25"C 


~ 
90 
I 
I 
I 
~ 120 
c 
80 


'v 00 
< ".::- 
~ 
c 
I,J........ 
/ 
z 
70 
Z 
100 
C 
l 
c 
~ 
>= 
60 
~ 
<l 
80 
" 
-- 
I 
" 
: 
50 
I 
: 
V 
~ 
C 
60 
40 
g: 
'}oo::'O "__ I- 
30 
"DO:: ,ov 
J 
40 
" 
" 
u 
--L 
u 
f---::~ 
~ 
20 
VDD 
-lISV- 
~ 
20 
10 
I 
o 
I 
I 
I 
I 
I 


J 
0 
! 
-60-40-20 
a 
20406080100120140 
! 
0 
20 
40 
60 
80 100 120140 
160 


TA - 
AMBIENT 
TEMPERATURE 
_ 
°C 
Cl 
- 
lOAD 
CAPACITANCE 
- 
pF 


7-64 


40318 
64-STAGE STATIC SHIFT REGISTER 


DESCRIPTION 
- 
The 40318 
is an edge-triggered 64-Stage Static Shift 
Register with 
two Serial Data 


Inputs 
(DO. 01 I. a Data Select Input 
IS), a Clock 
Input 
ICPI. a buffered 
Clock DU1PUl ICDI and buf- 


fered Outputs 
from 
the 64th bit position 
(063. 
0631- 


Data 
from 
the 
selected 
Data 
Inputs 
lOa or 
01 I, as determined 
by 
the 
state 
of the 
Select 
Input 
(S), 
is 


shifted 
into 
the first 
shift 
register position 
and all the data in the register is shifted 
one position 
to the 
right 
on the LOW-IO-HIGH 
transition 
of the Clock 
Input 
(CP). DO is selected by a LOW on the Select 


Input 
(S) and 01 is selected by a HIGH on the Select Input 
(S). 


Registers 
can 
be 
cascaded 
bv connecting 
all the 
Clock 
Inputs 
(CPI 
together 
or by driving 
the 
Clock 
In- 


put (CPI of the right-most 
register with 
the system clock and connecting 
the Clock Output 
(CO I to the 


Clock Input 
(CP) of the preceding register. When the second technique is used in the recirculating 
mode, 
a flip-flop 
must be used to store the Output 
(Q63) of the right-most 
register until 
the left-most 
register 
is clocked. 


• 
CLOCK 
INPUT 
IS L -H EDGE-TRIGGERED 
• 
DATA 
SELECT 
INPUT 
ISI ALLOWS 
DATA 
INPUT 
AT 
EITHER 
DO OR 01 INPUTS 


• 
EASILY 
CASCADED 
• 
TRUE 
AND 
COMPLEMENTARY 
BUFFERED 
OUTPUTS 
AVAILABLE 
FROM 64TH 
STAGE 


PIN NAMES 


Voo 
= Pin 16 


VSS 
= Pin 8 


NC 
= Pins3,4,5,11,12,13,14 


00.01 
S 
CP 
CD 
°63 
063 


Data Inputs 


Data Select Input 
Clock Input 
IL 
·H Edge-Triggered) 
Buffered 
Clock Output 
Buffered 
Output 
from the 64th Stage 
Complementary 
Buffered 
Output 
from the 64th Stage 


S 
DO 
01 
Data Into 
Flip-Flop 
1 


L 
L 
X 
L 


L 
H 
X 
H 


H 
X 
L 
L 


H 
X 
H 
H 
• 


L 
= Low Level 
H 
= High Level 


X 
= Don't 
Care 


NOTE, 


The 
Flatpack 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-line 
Package. 


VDD 
Pin 16 
VSS 
Pin 8 
NC 
Pins 3.4.5. 
11. 12. 13. 14 
o 
Pin Number 


,-IlVIII..:> 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
- 10 V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
BO 
"A 
MIN. 25°C 


Power 
XC 
150 
300 
600 
MAX 
All inputs at 
IDD 
Supply 
5 
10 
20 
MIN.25 
C 
o V or VDD 
XM 
300 
600 
"A 
MAX 
Current 
150 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
- 15V 
UNITS 
TEST CONDITIONS 


MIN 
T'fP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. CP to Q63. 063 
120 
60 
40 
ns 


tpHL 
120 
60 
40 
ns 


tPLH 
45 
25 
20 
ns 
Propagation 
Delay. 
CP to CO 
tpHL 
45 
25 
20 
ns 


tTLH 
65 
35 
15 
ns 
CL=50pF. 


Output 
Transition 
Time 


tTHL 
65 
35 
15 
ns 
RL=2ookn 


twCPIL) 
Minimum 
Clock 
Pulse Width 
25 
10 
B 
ns 
Input 
Transition 


ts 
Set-Up Time. S to CP 
75 
40 
30 
ns 
Times 
~ 20 ns 


th 
Hold Time, S to CP 
40 
20 
15 
ns 


ts 
Set-Up Time Dn to CP 
75 
40 
30 
ns 


th 
Hold 
Time, 
On to CP 
40 
20 
15 
ns 


fMAX 
Max. 
Clock 
Frequency 
(Note 
3) 
4 
8 
9 
MHz 


NOTES, 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Familv 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
IJS 
at 
VDO 
= 5 V, 
4jJs 
at 
VOO 
= 10 V, 
and 
3}Js 
at 


VOO=15V_ 


~~~llm 


5 
; 


MINIMUM 
CLOCK 
PULSE WIDTH. 
SET-UP ANO 


HOLD 
TIMES. 
On TO CP AND S TO CP 


40348 


8-BIT UNIVERSAL BUS REGISTER 


GENERAL 
DESCRIPTION 
- 
The 4034B 
is an B Bit Bi·directional 
Parallel/Serial 
Input/Output 
Bus 


Register 
with 
a Serial 
Data 
Input 
(OSI. 
a Clock 
l!:!.E..ut(CP), an active HIGH 
asynchronous 
or synchro- 
nous Paralleled 
Load/Parallel 
Enable 
Input 
(PL/PE), 
two 
mode 
control 
inputs, 
Asynchronous/Syn- 


chronous 
(A/S) and Data Transfer 
(PIal, 
two sets of eight bi·directional 
Parallel Data Inputs/Outputs 


(PO-P7 and °0-°71. 
and an active HIGH 
Output 
Enable Input 
IEOp) controlling 
the PO-P7 Parallel 


Data 
Inputs/Outputs. 


The 
Data Transfer 
Mode Control 
Input 
(P/CI 
determines 
the direction 
of data flow. 
When Pia 
is 


HIGH 
PO-P7 act as a parallel data inputs 
and 00-07 
act as parallel 
data outputs. 
When P/O is LOW. 


°0-07 
act as parallel data inputs and PO-P7 act as parallel data outputs. 
A LOW on the Output 
Enable 


Input 
(EOp) 
forces 
the 
PO-P7 
Input/Outputs 
to 
assume 
a high 
impedance 
"OFF" 
state, 
regardless 
of 
other input conditions. 


An Asynchronous/Synchronous 
(A/S) Mode Control 
Input allows either asynchronous 
or synchronous 
data transfer. With the A/Sinput 
HIGH, parallel data may be transferred 
asynchronously, 
independent 
of the Clock 
Input 
(CP), at the PO-P7 or 00-07 
Parallel Data Inputs/Outputs 
with 
the direction 
of 
data transfer 
dependent 
upon the state of the P/O input. 
Asynchronous 
parallel data transfer at either 


PO-P7 or 
00-07 
o~rs 
when 
both 
the Asynchronous[Synchronous 
(A/S) 
and the Parallel 
Load/ 


Parallel 
Enable 
(PL/PEI 
Inputs 
are HIGH. 
With 
the A/S 
input 
LOW parallel 
or serial data may be 
tran'sferred synchronously. 
Synchronous 
serial data transfer 
on the §!.rial 
Dat~lnputs 
(OS) occurs on 
the LOW-to·HIGH 
transition 
at the Clock 
Input 
ICP) when both PUPE and A/S inputs are LOW. With 
A/S 
LOW and PL/PE 
HIGH, 
synchronous 
parallel 
data transfer 
on either 
PO-P7 or °0-07 
occurs on 
the LOW-to-H IGH transition 
at the Clock 
Input 
(OP). The direction 
of data transfer 
is dependent 
upon 


the state of the P/O input. 


The 40348 
is useful 
in applications 
requiring 
bi-directional 
transfer of parallel data between two data 
buses, conversion 
of serial data to parallel 
form 
and transfer 
of the parallel data to either of two data 
buses, recirculation 
of parallel d~la, or acceptance of parallel data from either of two buses for conver- 


sion to serial form. 


• 
BI·DIRECTIONAL 
DATA 
TRANSFER 
• 
ASYNCHRONOUS 
DR SYNCHRONOUS 
PARALLEL 
OPERATION 
• 
SYNCHRONOUS 
SERIAL 
OPERATION 
• 
3-STATE 
OUTPUT 
ENABLE 
• 
SERIAL·TO-PARALLEL 
OR PARALLEL-TO-SERIAL 
DATA 
TRANSFER 
• 
PARALLEL 
LOAD 
OR PARALLEL 
ENABLE 


PIN NAMES 


DS 
PO-P7 
00-°7 
PUPE 
CP 
A/S 


P/O 


EOp 


Serial Data Input 
Parallel Data Inputs/Outputs 
Parallel Data Inputs/Outputs 
Parallel Load/Parallel 
Enable Input 
Clock 
Input 
Asynchronous/Synchronous 
Mode Control 
Input 


Data Transfer Mode Control 
Input 


Output 
Enable Input for Pn Parallel Data Inputs/Outputs 


VDO:C 
Pin 
24 


VSS:: Pin 12 • 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the! 


Dual 
In-line 
Package. 


r 1111111 


5, 
OCTAL 2CHANNEL 


EO 
MX,DEMX 


III 


- 
I 


19 
PE 
POP,P2P3P4PSP6P7 
DS 
8 BIT SHIFT 
REGISTER 
P'Q 
CP 
:~ 
MODE 
QOQ,Q2Q3Q4Q50 
60, 


.~ 
CONTROL - 
LOGIC 
....£.... 
- 


EOo 


III 


OCTAL 2 CHANNEL 
5, 
MX'OEMX 


11111111 


Vao:: 
Pin 24 
Vss '" Pin 12 
o " Pin Number 


- 
I 
Eop 
Pl/PE 
p/o 
AIS 
MODE 
OPERATION 


L 
L 
L 
X 
Serial 
Synchronous 
$enal 
data 
input, 
P and 
Q parallel 
data 
outputs 
dIsabled 


L 
L 
H 
X 
Seri.1'l 
Synchronous 
Serial data Input, 0 Parallel data output. 
- --- -- 


L 
H 
L 
L 
Parallel 
o Synchronous 
Parallel data inputs. P Parallel data outputs dIsabled 


L 
H 
L 
H 
Parallel 
a Asynchronous 
Parallel data Inputs, P Parallei data OUtputs dIsabled. 


L 
H 
H 
Parallel 
---- 


L 
P Parallel data inputs disabled, a Par~!!!1 dat~u~ 
sv~chronous_ data re~cul~ 


L 
H 
H 
H 
Parallel 
P Parallel data Inputsdisabled,O 
Parallel data outputs. 
asynchronous data rec~ 


H 
L 
L 
X 
Serial 
Synchronous 
senal data input, P Parallel data output. 


H 
L 
H 
X 
Serial 
Synchronous 
serial data Input, Q Parallel data 'Output. 


H 
H 
L 
L 
Parallel 
Q Synchronous 
Parallel data input, P Parallel data output. 


H 
H 
L 
H 
Parallel 
Q Asynchronous 
Parallel data Input, P Parallel data output 


H 
H 
H 
L 
Parallel 
P Synchronous 
Parallel data Input, 
Q Parallel data output. 


H 
H 
H 
H 
Parallel 
P Asynchronous 
Parallel data input, 
Q Parallel data output. 


Note 
Outputs 
change 
at positive 
tranSition 
of 
clock 
in the serial 
mode 
and when 
the A/S 
input 
is LOW 
in the parallel 
mode. 
During 
transfer 
from 
parallel 
to 
serial 
operation, 
A/S 
should 
remain 
LOW 
in order 
to prevent 
Os transfer 
into 
flip-flops. 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VOD=10V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN' 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 
XC 
Output 
OFF 
12 
MAX 
Output 
Returned 
'OZH 
Current HIGH 
0.4 


J.lA 
MIN,25°C 
to VDD, 
EOp = VSS 
XM 


12 
MAX 


-1.6 
MIN,25OC 


XC 


Output 
OFF 
-12 
MAX 
Output 
Returned 


IOZL 
Current 
LOW 
-0.4 


J.lA 
MIN,25°C 
to VSS' EOp = VSS 
XM 


-12 
MAX 


QUiescent 
20 
40 
80 
MIN,25°C 
XC 


Power 
150 
300 
600 
MAX 
All inputs 


'DD 
Supply 
5 
10 
20 
J.lA 
MIN,25°C 
at 0 V or VDD 
XM 
Current 
150 
300 
600 
MAX 


AC CHAf1ACTERISTICS 
AND SET·UP REQUIREMENTS: 
VDD as shown, VSS = OV, TA = 25°C 
ISee Note 21 


A SYNCHRONOUS 
MODE ONLY 


LIMITS 


SYM80L 
PARAMETER 
VDD 
= 5V 
VDD = 10V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, ?L/PE 
to 
300 
160 
120 
ns 


tpHL 
Qn or Pn 
300 
160 
120 
ns 


tpLH 
Propagation 
Delay. 
A/~ 
to 
285 
150 
115 
ns 
CL=50pF, 


tpHI 
Pn or an 
285 
150 
115 
ns 
RL=2oon 


twAiSIHI 
A/S 
Minimum 
Pulse Width (HIGH) 
150 
75 
55 
ns 
Input Transition 


twP LlI't 
IH I 
PUPE 
Minimum 
Pulse WidthlHIGHI 
150 
75 
55 
ns 
Times 
~20 
ns 


twP/Q 
PIC Minimum 
Pulse Width 
150 
75 
55 
ns 


ts 
Set-Up Time, Pn or Qn to PUPE 
35 
15 
12 
ns 


th 
Hold-Time. 
Pn or an to PL/PE 
-10 
-5 
-2 
ns 
• 
AC CHARACTERISTICS 
AND SET·UP REQUIREMENTS: 
VDD as shown, VSS = 0 V, T A = 25°C (See Note 2) 


SYNCHRONOUS 
MODE ONLY 


--~ 


Prapa 


On or 
tpLH 


tpH" 
twe? 


ts 
th 


CP Mi 
rSetU 


Hold 


r Set-U 


LIMITS 


PARAMETER 
VDD - 5 V 
VDD=10V 
VDD-15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
~AX 
MIN 
TYP 
MAX 


galion 
Delay. CP to 
300 
155 
120 
ns 


Pn 
300 
155 
120 
ns 
--- 


nimum 
Pulse Width 
100 
50 
40 
ns 
- 


p Time, PUPE to CP 
35 
15 
12 
ns 
CL = 50 pF, 


hme, 
PUPE 
to CP 
-10 
-5 
-2 
ns 
RL = 200 kn 
-- 
- 


p Time. 
Os to CP 
35 
15 
12 
ns 
Input Transition 


Tim~ 
DS to CP_ 
-10 
-5 
-2 
ns 
TImes 
~20 
ns 
--- 
p Time, 
AIS 
to CP 
35 
15 
12 
ns 


Time,A/StoCP 
-10 
-5 
-2 
ns 
------ 
-- 
p Time, P/Q to CP 
35 
15 
12 
ns 


Time, P/O to CP 
-10 
-5 
-2 
ns 
--- 
--- 


Count Frequency 
4 
8 
9 
MHz 


31 


•... , .•............ 
rMn""'lVIE: 
I t:M 
VOO = 5V 
VOO = 10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'pLH 
Propagation 
Delay, Pia to 
300 
160 
120 
ns 


~HL 
an or Pn 
300 
160 
120 
ns 
~- 


'PZH 
Output 
Enable Time 
60 
37 
25 
ns 


'pZL 
INole 
51 
60 
37 
25 
ns 
CL = 50 pF. 


'pHZ 
Output 
Disable Time 
60 
37 
25 
ns 
RL = 200 kn 


'pLZ 
(Nole 
51 
60 
37 
25 
ns 
Input Transition 


'TLH 
Output 
Transition 
Time 
85 
45 
30 
ns 
Times ~20 
ns 


'THL 
85 
45 
30 
ns 


'wEOpIHI 
EOp Minimum 
Pulse Width 
150 
75 
55 
ns 


IHIG'11 


Notes 
1 
Additional 
dc characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise and 
fall 
times 
to the 
Clock 
Input 
be less than 
15IJ.s at VOO:::: 
5 V, 
4IJ.s at VOO 
= 10 V, 
and 
3IJ.s at 


VOO'" 
15 V. 


5. 
For 
tpZH 
and 
tpHZ' 
RL = 1 kS! to VSS' 
For 
tpZL 
and 
tpLZ, 
RL 
'" 1 kn 
to 
VOO' 


AC WAVEFORMS 


ASYNCHRONOUS 
MODE 
ONLY 


tw A/S 
(H) 
__}:------~;L 


Minimum 
P~lse Widths 
for AI$. 


P/Q 
and PL/PE 
and Set-Up 
and 
Hold 
Times 
Pn or Qn to PL/PE 


AC WAVEFORMS 
(Cont'd) 


SYNCHRONOUS 
MODE 
ONLY 


SET-UP 
AND 
HOLD-TIMES 
A/S TO CPoPLiPE 
TO 
CP 
AND Os 
TO 
CP AND MINIMUM 
CLOCK 
PULSE WIDTH 


-- 
, 
/ 
'-----------, 


OUTPUT 
ENABLE 
TIME 
(tPZH) 
AND OUTPUT 
DISABLE 
TIME 
(tPHZ) 
OUTPUT 
ENABLE 
TIME 
{tPZLJ. OUTPUT 
DISABLE 
TIME 
(tPLZ) 
AND MINIMUM 
EOp PULSE WIDTH 
• 


TYPICAL 
APPLICATIONS 


PARALLEL 
DATA 
INPUTS 


-.L 
I 
I 
, 
, 
TIll ITIT 
IIIIIIIrr 
,,, , ,, , , 
, , , , , , " , 
'0 
'0 
- 
PLf>£ 
- 
PLPE 


SER/:;U°/,TA 
_ - 
0 
SERIAL 
DATA 
0 
, 
'0 
40348 
'0- - 
'0 
40349 
- 
AS 
,-- 
AS 


e, 
e, 
0 o 0 0 
a 
a 
o· a 
0 
o 0 o 0 a 
a, a 


IJ J J I I tI 
1 t"j---SERIAL 
DATA 


I 
I 
OUTPUT 


Pl 
PE INPUT 
PL 
f)E OUTPUT 


.•. S INPUT 
A S OUTPUT 


CLOCK 
INPUT 
CLOCK 
OUTPUT 


PARALLEL 
alTA OUTPUTS 


SHIFT 
lEFT 
PARALLEL 
Oil 
.•. OUTPUT 
OUTPUT 


1 ~ OF .•.40018 


OUTPUT 
I 
OUTPUT 
ENASLE 
ENABLE 
rJ 
INPUT 
I 
Pl 
PE 


I 


SHIFT 
RIGHT 
, I 
OUTPUT 


SHIFT 
lEFT p'''= 


SHifT 
RIGHT 
- 


INPUT 
-p- 
.-- 
I-- 
, , , , ,,,, 
, ,, , ,, , , 


L- 
'0 
'0 


SHIFT 
'-- 
Pl 
FiE 
L--- 
PL PE 


RieHl 
0 
REGISTER 
1 
-0 
REGISTER 
2 
INPUT 


~ 


'0 
40HB 


'~ 
'0 
40)48 


AS 
AS 


CLOCK 
e, 
e, 
INPut 
0 o a 
Q 
a 
o 0 0 
00000 
Q 
0_ a 


f---- 
I-- 


I 
t--- 
SHIFT 
lEfT 
INPUT 


.•. S INPUT 
AS 


CLOCK 
L <0' 
L,a' 


OUTPUT 
ENABLE 


, , , , ,,, 
,, , p, 
p " , 
, 


l:j= 


'C •• 
, 
PL PE 


0 
REGISTER 
J 


~ 


0 
REGISTER 
4 


'0 
40)48 
'0 
40)49 


AS 
A' 
e, 
e, 
0 a a 
0 a o o. a 
0 a a a a a o. a 


II I I t I I I I I 
II I I I III 
I 
[ 
I 
I 


PARALLEL 
DATA 
INPUT 


FIG.2 
SHIFT 
RIGHT/SHIFT 
LEFT 
WITH 
PARALLEL 
INPUTS 


NOTE: 
A "HIGH" 
("LOW") 
on the Shift 
Left/Shift 
Right Input allows serial data on the Shift Left Input (Shift Right Input) to enter the register on 
the positive transition 
of the clock sIgnal. A "HIGH" 
on the Output 
Enable Input disables the "P" Parallel Data lines on registers 1 and 2 and 
enables the "P" 
data lines on registers 3 and 4 and allows parallel data into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 


When parallel inputs are not used registers 3 and 4 and associated logic are not requ~red. 


The shift left input must be disabled during parallel entry. 


40358 
4-81T UNIVERSAL SHIFT REGISTER 


DESCRIPTION 
- 
The 4035B 
is a fully 
synchronous 
edge-triggered 4·Bit 
Shift 
Register with 
a CIQ!'k 


Input 
(CPI, four synchronous 
Parallel Data Inputs (PO-P3), two synchronous 
Serial Data Inputs (J, KI, 
a synchronous 
Parallel Enable Input 
(PEl, Buffered 
Parallel Outputs 
from 
all 4-bit positions 
(OO-Q3), 
a True/Complement 
Input 
(T/C) and an overriding asynchronous 
Master Reset Input (MRI. 


Operation 
is synchronous 
(except 
for 
Master Reset) and is edge-triggered on the 
LOW-to-HIGH 
transition 
of the Clock 
Input 
(CPI. 
When the Parallel Enable Input 
(PE) is HIGH, 
data is loaded into 
the register from 
Parallel 
Inputs 
(PO-P3) on the 
LOW-ta-HIGH 
transition 
of the Clock 
Input 
(CP). 
When the Parallel Enable Input 
(PE) is LOW, data is shifted 
into the first 
register position 
from 
the 
Serial Data 
Inputs 
(J, K) 
and all the data in the register is shifted 
one position 
to the right 
on the 


LOW·to·H1GH 
transition 
of 
the Clock 
Input 
(CP). D-type 
entry 
is obtained 
by tying 
the two Serial 
Data Inputs 
(J, K) together. 


The_Outputs 
(00-Q3) 
are either inverting or non-inverting, 
depending on the True/Complement 
Input 
(T/CI. 
With 
the TIC 
Input 
HIGH, 
the Outputs 
(°0-°31 
are non-inverting 
(Active 
HIGHI. 
With the 


TIC 
Input 
LOW, the Outputs 
(QO--03) are inverting 
IActive 
LOW). 


A HIGH 
on the Master Reset Input 
(MR) resets all four 
bit positions 
(QO-03 = LOW if TIC = HIGH. 


00-03 = HIGH if TIC = LOW) independent 
of all other input conditions. 


• 
TYPICAL 
SHIFT 
FREOUENCY 
OF 17 MHz AT VDD = 10 V 


• 
J, K INPUTS 
TO THE 
FIRST 
STAGE 
• 
TIC INPUT 
FOR TRUE 
OR COMPLEMENTARY 
OUTPUTS 
SYNCHRONOUS 
PARALLEL 
ENABLE 
• 
CLOCK 
EDGE·TRIGGERED 
ON LOW-TO-HIGH 
TRANSITION 
• 
ASYNCHRONOUS 
MASTER 
RESET 


PIN NAMES 
PE 


PO-P3 
J 
K 
CP 
TIC 
MR 


°0-Q3 


Parallel Enable Input 
Parallel Data Inputs 
First Stage J Input 
IActive 
HIGH) 


First Stage K Input 
(Active 
LOW) 
Clock Input 
(L~H 
Edge-Triggered) 


True/Complement 
Input 
Master Reset Input 
Buffered 
Parallel Outputs 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


VDD 
Pin 16 


VSS 
'" Pin 8 
o '" 
Pin Number 


• 


LIMITS 


SYMBOL 
PARAMETER 
VOO "5 
V 
VOO"10V 
VOO"15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Ouiescent 
20 
40 
80 
MIN,25°C 
XC 
)lA 
Power 
150 
300 
600 
MAX 
All inputs 
at 


100 
Supply 
5 
10 
20 
MIN,25°C 
o Vor 
VOO 


XM 
)lA 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO" 
5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
200 
400 
90 
180 
60 
140 


Propagation Delay. CP to On 
ns 


tPHL 
200 
400 
90 
180 
60 
140 


'PLH 
250 
500 
120 
230 
75 
180 


tPHL 


Propagation Delay. MR to On 
ns 
250 
500 
120 
230 
75 
180 


IPLH 
- 
125 
250 
55 
120 
40 
95 


Propagation 
Delay. 
TIC 
to On 
ns 


IPHL 
125 
250 
55 
120 
40 
95 


'TLH 
85 
135 
45 
75 
30 
45 


Output 
Transition 
Time 
ns 
ITHL 
85 
135 
45 
75 
30 
45 
CL = 50 pF, 


twe? 
CP Minimum 
Pulse Width 
125 
50 
55 
20 
44 
14 
ns 
RL=200kn 


t.o'\IMR 
MR MinImum 
Pulse Width 
150 
60 
70 
25 
56 
20 
ns 
Input Transition 


tree 
MR Recovery 
Time 
120 
60 
54 
30 
43 
22 
ns 
Times <;: 20 ns 


's 
Set-Up Time, 
Pn to CP 
250 
100 
110 
46 
88 
32 
ns 


Ih 
Hold Time, Pn to CP 
10 
-90 
5 
-32 
0 
-22 


's 
Set-Up Time, PE to CP 
250 
100 
110 
46 
88 
32 


Hold Time, PE to CP 
ns 


Ih 
10 
-90 
5 
-32 
0 
-22 


Is 
Set-Up Time, 
J. K to CP 
275 
130 
125 
48 
100 
30 


Hold Time, J. K to CP 
25 
-100 
10 
-23 
ns 
Ih 
-37 
5 


'MAX 
Maximum 
Input Clock Frequency 


4 
8 
8 
17 
10 
20 
MHz 


INole 
31 


NOTES, 


1 
AdditIonal 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
PropagatIon 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX. 
tnput 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 
J.1sat 
VOO 
'" 5 V. 
4j.Js at 
VOO;;: 
10 
V, 
and 
3j.Js at 
VOO'=15V. 


• 
n--''''''- 
twMA----. 


50% 
50% 


------" 
""-------- 


4U4UB 
12-STAGE BINARY COUNTER 


DESCRIPTION 
- 
The 
4040B 
is a 12-Stage Binary 
Ripple 
Counter 
with 
a Clock 
Input 
(CPI, 
an 
overriding 
asynchronous 
Master Reset Input 
(MR) 
and twelve 
fully 
buffered 
Outputs 
(00-0111. 
The 
counter 
advances on the 
HIGH-ta-LOW 
transition 
of 
the Clock 
Input 
(CPL A HIGH 
on the Master 


Reset 
Input 
(MR)~lears 
all counter 
stages and forces all Outputs 
(00 - 011) 
LOW, 
independent 
of 
the Clock 
Input 
(CPI. 


• 
25 MHz TYPICAL 
COUNT 
FREOUENCY 
AT VDD = 10 V 
• 
CLOCK 
IS H~L 
TRIGGERED 
• 
COMMON 
ASYNCHRONOUS 
MASTER 
RESET 
• 
FULLY 
BUFFERED 
OUTPUTS 
FROM ALL 
12 STAGES 


PIN NAMES 
CP 
MR 
00-011 


Clock Input 
(H-+ L Triggered) 


Master Reset Input 
(Active 
HIGH) 


Parallel Outputs 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


Voo::: 
Pin 
16 


VSS 
::: Pin 
8 


o 
::Pin 
Numbers 


LIMITS 
I 
I 


SYMBOL 
PARAMETER 
VOO-5V 
--VOOo10V 
VOO - 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent I 
XC 
20 
40 
BO 
~A 
MIN,25 
C 


Power 
150 
300 
600 
MAX 
All Inputs at 
100 
Supply 
I XM 
5 
10 
20 
MIN,25 
C 
o V or VOO 


Current 
150 
300 
600 
~A 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO ~ 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN I TYP 
MAX 
,-- I--- 


lpLH 
- 
130 
260 
55 
110 
I 
37 
BB 
ns 


lpHL 
Propagation 
Delay. 
CP to 00 
110 
220 
45 
90 
33 
72 
ns 
f 


lPHL 
Propagation 
Delay. 
MR 
to an 
180 
360 
75 
150 
50 
120 
ns 
f 


lTLH 
65 
135 
35 
70 
25 
45 
ns 
,CL"50pF, 


Output 
Transition 
Time 
I RL 
= 200 kl! 


lTHL 
65 
135 
35 
70 
25 
45 
ns 


I 
Input 
Transition 
lwCPtH) 
Minimum 
Clock 
Pulse Width 
100 
50 
40 
20 
32 
16 
ns 


lwMRtH) 
Minimum 
MR Pulse Width 
140 
70 
55 
27 
44 
20 
ns 
I Times' 
20 ns 


tree 
Recovery 
Time 
for MR 
85 
43 
35 
17 
28 
12 
ns;-{ 


fMAX 
Input Clock Frequency (Note 21 
5 
10 
12 
25 
14 
30 
MHz 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


3. 
It 
is 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
I nput 
be less than 
15 
/JS at 
VOO 
~ 5 V, 
4 /JS at Vao 
10 V. 
and 
3 J,J.Sat 


VOO"" 
15V. 
• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


CLOCK 
FREQUENCY 
POWER DISSIPATION 
VERSUS 
~ 
VERSUS CLOCK 
FREQUENCY 
POWER SUPPLY VOLTAGE 
E 1000 
35 
TA = 25°C 
I 
TA = 25°C 
w 
100 
CL = 15 pF 
- 
CI 


I 


N 
30 
/ 
c( 
:I: 
>< 
::;; 
0 
10 
..- 
I 
25 
c( 
VDD = 15 V 
..- 
I 
/ 


0.. 


VDD 
= 10 V 
> 
a: 
..- 
0 
w 
1.0 
~ 
Z 
20 
0.. 


,~ ;;- 
w 


~ 10-1 
..- 
::> 
/ 
0 
..- 
~ 
w 
15 
>= 
..- 
VD~ 
= 5 ,V 
a: 
/ 
c( 
..- 
, 
... 


~ 
10-2 


III II ii, 


>< 
10 
Ul 
..- 
0 
/ 


Ul 
;;- 
I. 
0 
C 10-3 


...• 
0 
5 


ffi 
~ 
II, 


CL - 15 pF 
Y 
~ 
10-4 
I 
CL = 50 pF --- 
0 
0 
102 
103 
104 
105 
106 
107 
0 
5 
10 
15 
0.. 


CLOCK FREQUENCY 
- 
Hz 
VDD - 
POWER SUPPLY VOLTAGE 
- 
V 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
VERSUS TEMPERATURE 
VERSUS 
LOAD CAPACITANCE 
.. 
160 
.. 
180 
< 
* 


< 
,.~"'~ 


I 
CL = 15 pF 
I 


> 
140 
f-- 
> 
160 
L 
-100 ~yp.-- 


:3 
-100 
:3 
140 
~'l"''l- -IOO~ 
w 
120 
.-P1 
l. 
'~ 
- 
w 
0 
0 
~'l'l-V1" 
z 
z 
120 
0 
100 
~-IOO 
0 
... v-r 
1 
>= 
V/ 
~I 


>= 
c( 
c( 
100 
... / 
tPHL 
VDD -10V 
CI 
80 
CI 
c( 
/tPHL 
VDD=10V_I,O'" 
c( 
~- 


0.. 
V 
0.. 
80 
~ "'00- 
0 
60 
/~ 


0 
W\.. 
a: 
a: 
60 
0.. 
0.. 
--l:~ 
::...l-~_ 
I 
40 
-~ 


I 
40 
0 
1-':::- --- 


0 
W~\..I "'01'- I 
0 
20 
tpH\"- "'00 - " 
0 
-- 


" 
0 
- 
'" 
, 
I 
I 
_I. 
0 
20 
~ 
tpLH 
VDO = 15 V 
~ 
tpLH 
VOD = 15 V 


It 
0 
It 
0 


-60 
-20 
20 
60 
100 
140 
0 
20 
40 
60 
80 
100120140160 
-40 
0 
40 
80 
120 


TA - 
AM81ENT TEMPERATURE 
- 
°C 
CL - 
LOAD CAPACITANCE 
- 
pF 


SWITCHING 
WAVEFORMS 


--ltwMRIHII-- 


MR -F\ 
CP~ 
--11-- tree 
j 
~tw~~ 


CP 
50% 
tpLH 
1-- 
I:tPHL 


~ 


00 
50% I 
50% 
-- I-- 'PHL 
10% 
10% 


IA\\~\\\\~ 
'TLH ---I -- 
---II-- tTHL 
an 
.50% 
. 
PROPAGATION 
DELAY 
MASTER 
PROPAGATION 
DELAY 
CLOCK TO 
RESET TO OUTPUT. 
MINIMUM 
MASTER 
RESET 
OUTPUT 
Qp, OUTPUT 
TRANSITION 
PULSE WIDTH 
AND 
RECOVERY 
TIME 
FOR MASTER 
RESET 
TIMES AND MINIMUM 
CLOCK PULSE WIDTH 


40418 
QUAD TRUE/COMPLEMENT 
BUFFER 


PIN NAMES 


la, Ib' Ie, Id 
Za,Zb,Ze,Zd 
Za, Zb, Ze' Zd 


Buffer 
Input 


Buffered True Output 


Buffered Complementary 
Output 


NOTE: 


The 
flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-Line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO -15V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output HIGH 
-2.7 
-5.4 
-15.5 
MIN 
VOUT' 
4.6 V for VOO = 5 V 
IOH 
Current 
-2.25 
-4.5 
-13 
mA 
25"C 
VOUT 
= 9.5 V for VOO = 10 V 
-1.6 
-3.2 
-8.7 
MAX 
VOUT = 13.5 V for VOO' 
15V 


Inputs at VOO 
or VSS per 
Logic Function 


Output LOW 
2.7 
6.25 
18 
MIN 
VOUT 
= 0.4 V for VOO = 5 V 


IOL 
Current 
2.25 
5 
15 
25"C 
VOUT 
= 0.5 V for VOO = 10 V 
1.6 
3.5 
10 
mA 
MAX 
VOUT = 1.5 V for VOO = 15 V 


Inputs at VOO 
or VSS per 


Logic Function 


Quiescent 
XC 
4 
8 
- 
16 
~A 
MIN 25"C 
Power 
30 
60 
120 
MAX 
All inputs 


100 
Supply 
1 
2 
4 
MIN 25 C 
at 0 V or VOD 
XM 
~A 
Current 
30 
60 
120 
MAX 


• 


LIMITS 
---- 
- 


PARAMETER 
VDO 
5V 
VDD 
lQV 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP!MAX 
MIN I TYP 
MAX 
MIN 
TYP 
MAX 


Pl0pdqill 
Ion 
Dt'J;IV 
60 
I 
125 
I 
25 
60 
20 
48 
ns 
CL = 50 pF. 


60 
I 
125 
25 
60 
20 
48 
ns 
RL = 200 d1 
------------- 


Output 
TJilllSlllon 
Timl' 
30 I 
75 
15 
40 
12 
30 
ns 
Input Transition 


30 
75 
15 
40 
12 
30 
ns 
Times 
~20 
ns 


'PLH 
-'!'HL 
_ 


'TLH 


'THL 


NOTrs 
1 
}\dlllllondJ 
d, 
dl.H<ll l~flSlll'S 
.Ire listpd in IlllS section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2 
P'O,ldqillIOtl 
,Iel",ys 
dn,1 O'llpul 
transition 
times 
<.Hegraphically 
ctescrihed 
in 
this 
section 
under 
4000 
B $eriesCMOS 
Family 
Characteristics. 


,I, 
I 


i 
voo 
15\/ 
voa 
15V 
voo - lOV 
vQO 
lOV 


III 


I 
, 


1Of-----r-f 


2' 
20 
tPLH. 
IpHL· 
Voo" 
1~ 
__ 
~-- 
--,....- 


15 


tPLr 
IpHL. VOD" 
15V 


I 
I 


40428 
QUAD D LATCH 


DESCRIPTION 
- 
The 
40428 
is a 4-8it 
Latch 
with 
four 
Data Inputs 
IDO-D3!. 
four 
buffered 
Latch 
Outputs 
lOo-Q3!. 
four 
buffered 
Complementary 
Latch Outputs 
(00-Q3) 
and two 
Common 
Enable 
Inputs 
lEa and Ell. 
Information 
on the Data Inputs 
(00-03) 
is transferred 
to the Outputs 
(00-03) 
while 
both 
Enable Inputs 
(EO, El) 
are in the same state, either HIGH or LOW. The Outputs 
(00-03) 
follow 
the Data Inputs 
(00-03) 
as long as both Enable Inputs 
(EO, El) 
remain in the same state. When 
the two 
Enable 
Inputs 
(EO, El) 
are different, 
the 
Data Inputs 
(00-03) 
do not affect 
the Outputs 
(00-03) 
and the information 
in the latch is stored. The 00-Q3Outputs 
are always the complement 
of the 00-03 
Outputs. The Exclusive-OR 
input structure allows 
the choice of ~ither polarity for the 
Enable Input. 
With 
one Enable Input 
HIGH, 
the other 
Enable Input 
is active HIGH; with 
one Enable 
Input 
LOW, the other Enable Input is active LOW. 


The last moment 
prior 
to the trailing 
end of the enable condition 
that the Latch Outputs 
can still be 
affected 
by the 
inputs 
is specified 
as a set·up 
time. 
A negative 
set·up 
time, 
as typically 
exhibited 
by 
this 
device, 
means 
that 
the 
latches 
respond 
to input 
changes 
after 
the 
end 
of the 
enable 
condition. 


Following 
established 
industry 
practice, 
a hold 
time 
is specified, 
defining 
the time 
after 
the end of the 
enable 
condition, 
that 
the 
inputs 
must 
be 
held 
stable, 
so that 
they 
do 
not 
affect 
the 
state 
of the 
latches. 
It follows 
from 
this 
definition, 
that 
the 
hold 
time 
is identical 
with 
the 
negative 
set-up 
time. 
Set-up 
and 
hold 
times 
have 
a tolerance, 
due 
to 
manufacturing 
process 
variations, 
temperature 
and 
supply 
voltage 
changes. 
For 
predictable 
operation 
the 
data 
input 
levels 
must 
be held 
stable 
over 
the 
full 
spread 
of 
this 
timing 
window 
starting 
with 
the 
earliest 
set-up 
time 
(largest 
positive 
or smallest 
negative 
value) 
to the latest 
hold 
time. 


EO 
El 
LATCH 
CONDITION 


L 
L 
Enabled 


L 
H 
Not Enabled 


H 
L 
Not Enabled 


H 
H 
Enabled 


PIN NAMES 


00-03 


EO, El 
00-Q3 
00-03 


Data 
Inputs 


Enable Inputs 
Parallel Latch Outputs 


Complementary 
Parallel 
Latch 
Outputs 
• 


I. 


0, 
0, 
°3 
,s 


ev 
@ 
e 
14 


13 


12 


II 


'0 


NOTE: 
The 
Flatpak version has the sam. 
pinouts (Connection Diagram) as the 
Dual 
In-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
JlA 
MIN,25°C 


Power 
XC 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 


Current 
XM 
150 
300 
600 
JlA 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
- 5 V 
VDD-l0V 
VDD 
- 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation Delay. 
101~ 
200 
45 
90 
33 
72 
ns 


tPHL 
Data 
to Output 
99 
200 
44 
88 
33 
70 
ns 


tpLH 
Propagation 
Delay, 
156 
310 
66 
132 
47 
106 
ns 


tpHL 
Enable 
to Output 
137 
275 
58 
116 
41 
93 
ns 


CL=50pF, 


tTLH 
65 
135 
31 
70 
25 
45 
ns 
RL = 200 HI 


Output 
Transition 
Time 
Input Transition 


tTHL 
60 
135 
26 
70 
20 
45 
ns 
Times 
:Iii; 20 ns 
ts 
Set-Up 
Time, 
On to EO or El 
10 
-12 
10 
-6 
8 
-4 
ns 


th 
Hold 
Time, 
On to EO or El 
50 
25 
25 
13 
20 
7 
ns 


< 


twEn 
Minimum 
Enable 
Pulse Width 
80 
40 
32 
16 
25 
12 
ns 


I~~: ~~:~- -- 


103 
104 
105 
106 
107 


INPUT FREQUENCY 
Hz 


~ 140 


I 
:r 120 
0-o 
~ 100 
w~ 
~ 
80 


w 
•• 
60 
" 
~ 
40 


MINIMUM 
ENABLE 
PULSE 
WIDTH 
VERSUS 
POWER SUPPL Y VOLTAGE 


TA = 25°C 
Cl=15pf 


\ 
\ 
\ 
"" 


o 


o 
5 
10 
15 


VDa - 
POWERSUPPLYVOLTAGE - 
V 


NOTE, 
Either 
EO or E, 
is held 
HIGH 
or LOW 


while 
the other 
Enable 
Input 
is pulsed 
as 
per the Truth 
Table. 
ts and th are shown 
as positive 
values but 
may 
be specified 
as negative 
values. 


~ 
PROPAGATION 
DELAY 


1200 
VERSUS 
TEMPERATURE 


~ lBO 
Cl 
= 15 pF 
I I I 


,,5160 
I <~.% 
5e,40 
~~Y 


Ww 
y 
""~I 


~~'20 
,/ 
__ 
l. '<~"-- 


QZ100 
"OO~ 
~ ~ 
80 
- --r 
:.--r-I 
I 


: 
~ 
60 _••••• 
~/J..jt';lH. 
ENABlJ T01OU~PUT 
O~ 
----,r::t-=- 
1 
I 
I 
I 
I 
I 
I 


fE ~ 
40 
L- 
tPHl· ENABLE TO OUTPUT 
~ 
L 
tPlH. tPHl. DATA TO OUTPUT 
o 
20 
e 
0 
;!' 
-60-40-200 
204060 
BO100120140 


<If 
TA - 
AMBIENT TEMPERATURE_ °C 
o 


I- 
200 
i? 
~ 
lBO 


~ ~ 160 


;~ 
140 
.." 
~ ~ 120 


w.o 
100 


5~ 
BO 
W" 
00- 
~g 
~~ 
"": 
~ 


PROPAGATION 
DELAY 
VERSUS 
TEMPERATURE 


CL < 15 pF 
I 
I 
I 
I 
I 


ENABLE TO OUTPUT- 
~ 


DATA TO OUTPUT 
-- 
I 
! 


l~LH.IVDD< 10 V=+= 


-- 
tPHl· VDD = 1°3 
I 
I 
I 
__ 
tplH. 
VDD = 15 V 
i-- 


tplH. tPHl. 
1 


60 
VIDD~ 


40 


20 
t;~tV~~:~5V 


o 
! 
I '\(..'PLH. 'PHL· VDD < 15 V 


-60-40-200 
20406080100120140 


TA - 
AMBIENT TEMPERATURE_ °C 


O~-I 
f-;:'PLH 
~ 
r'PHL 


""" 
""" 
50'4 
l-tTlH 


PROPAGATION 
DELAY 
DATA 
TO OUTPUT 
AND TRANSITION 
TIMES, 
WITH 
LATCH 
ENABLED 


• 
PROPAGATION 
DELAY 


7 200VERSUS LOAD 
CAPACITANCE 


;; 
TA<25°C 
.1 <~"~j...- 


:='80 
-JOO;~ 
[ 


.5'60 
./ 
~~~- 
>0 
~"..............-I 
~'tI 


~::;'40 
Y 
!'tIOo'" 


~:'20 
/ 
1---'1 I 
I 


~ ~ 100 
.rl1 


« 0 
80 
: 
~ 
60 
~/ 4- tplH. 
ENABLETO OUTPUT 


~ ~ 
40 
~ 
tPHl. ENABLE TO OUTPUT 


0. ~ 
L 
tplH. tpHl. 
DATA TO OUTPUT 
o 
20 
e 
0 


;!' 
0 
20 
40 
60 
80 
100120140160 


« 
Cl - 
lOAO CAPACITANCE ~ pF 
o 


PROPAGATION 
DELAY 


0- 
VERSUS 
LOAD 
CAPACITANCE 
~ 
200 
~ .180 
TA = 25°C 
I 


o c: 
ENA8lE TO OUTPUT __ 
~ 
~~~:±t 


DATA 


TO;t:~:P~~o 
_ ;O-V _._.1-._ 


,,0- 
I 


o~ 
120 
tpHl· VDD = 10Vrt- 


>' ~ 100 
tplH. 
VOO." 1~~ 


~ ~ 
tplH. tpHl. 
r 
I I, 
r 
ou: 
80 
VOo = 10V h- 


~~ 
60~i::L:t ';H1.VD::~T 


o 
0 
jLtPlH. 
tPHl.VOO" ';~J 


fE 
0 
20 
40 
60 
80 
100 120140160 


Cl - 
lOAD CAPACITANCE - 
pF 


NOTE, 
Either 
EO or E, 
is held 
HIGH 
or 
LOW 


while 
the other 
Enable 
Input 
is pulsed 
as 
per the Truth 
Table. 


• 


40438 
QUAD RjS LATCH WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 
4043B 
is a Quad RIS 
Latch 
with 
3-State 
Outputs 
with 
a common 
Output 
Enable 
(EOl. 
Each latch 
has an active 
HIGH 
Set Input 
(Sn), an active HIGH 
Reset Input 
(Rn) and an 
active HIGH 
3-State Output 
(Qnl. 


When the Output 
Enable 
Input 
(EO) is HIGH, 
the state of the Latch Outputs 
(Qn1 can be determined 


from 
the Truth 
Table (see belowl. 
When the Output 
Enable Input 
(EO) is LOW, the Latch Outputs 
are 
in the high impedance 
OFF state. The Output 
Enable Input 
(EO) does not affect 
the state of the latch. 


• 
3·STATE 
BUFFERED 
OUTPUTS 
(ACTIVE 
HIGH) 


• 
COMMON 
OUTPUT 
ENABLE 
• 
SET INPUTS 
TO EACH 
LATCH' 
(ACTIVE 
HIGH) 


• 
RESET 
INPUTS 
TO EACH 
LATCH 
(ACTIVE 
HIGH) 


PIN NAMES 


EO 


50-S3 
RO-R3 
QO-03 


Common 
Output 
Enable Input 
Set Inputs 
Reset Inputs 
3-State Buffered Latch Outputs 


2 
9 
10 
1 


VOO 
Pin 16 


VSS 
Pin 
8 
NC 
Pin 
13 


INPUTS 
OUTPUT 


EO 
5n 
Rn 
Qn 


L 
X 
X 
High Impedance 


H 
H 
L 
H 


H 
L 
H 
L 


H 
H 
H 
H 


H 
L 
L 
No Change 


H :: HIGH 
Level 
L:: lOW Level 


X "'" Don't 
Care 


Soo 


"0 
o 


LATCH 
LATCH 
LATCH 
LATCH 


Q 
Q 
Q 
Q 
0 
EQ 


0 
® 
@ 
0 
Voo 
= Pin 16 
Qo 
Q, 
Q2 
Q3 


VSS 
=PinB 
NC 
= Pin 13 
0 
= Pin Number 


NOTE: 
The 
Flatpack 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
8S the 
Duel In-line Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 


XC 


12 
MAX 
Output 
Returned 
Output 
OFF 
IOZH 
~A 


MIN,25°C 
to VOO, EO = VSS 
Current HIGH 
0.4 
XM 


12 
MAX 


-1.6 
MIN,25'C 


XC 


Output 
OFF 
- 12 
MAX 
Output 
Returned 
IOZL 
~A 


MIN,25''> 
to VSS EO = VSS 
Current 
LOW 
-0.4 


XM 
- 12 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 


Power 
150 
300 
600 
MAX 
All inputs 
at 


100 
~A 
MIN,25°C 
Supply 
5 
10 
20 
o V or VOO 


XM 


Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO - 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


130 


CL = 50 pF, 


tPLH 
Propagation 
Delay. 
Sn to an 
80 
145 
70 
24 
56 
ns 


RL = 200 kll 


Input Transition 


Times'" 
20 
ns 


tPHL 
Propagation Delay. Rn to On 
75 
135 
25 
60 
20 
48 
ns 


tpZH 
30 
55 
20 
40 
15 
32 
ns 
lRL 
= 1 kl! 
to VSSI 
Output 
Enable Time 


tpZL 
40 
75 
20 
40 
15 
32 
ns 
lRL 
= 1 kl! 
to VOO) 


tpHZ 
20 
45 
20 
40 
18 
32 
ns 
lRL 
= 1 kl! 
to VSS) 
Output 
Disable Time 
tpLZ 
30 
55 
20 
40 
15 
32 
ns 
lRL 
= 1 kl! 
to VOO) 


tTLH 
60 
135 
30 
75 
20 
45 
ns 


Output 
Transition 
Time 


tTHL 
60 
135 
30 
75 
20 
45 
ns 


twSn 
Minimum 
Sn Pulse Width 
60 
32 
30 
13 
24 
15 
ns 


twAn 
Minimum 
Rn Pulse Width 
60 
32 
30 
13 
24 
15 
ns 
• 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


.....--- 


HIGH 
Z 
"OFF" 
STATE 


\- 


MINIMUM 
RN AND 
SN PULSE WIDTHS 
AND 
RECOVERY 
TIMES 
FOR RN AND 
SN 


POWER 
DISSIPATION 
VERSUS 
INPUT 
FREOUENCY 
1000 
TA:~ttC III ~ 
I II II!l~~~ 
~ 


~ 


E 
100 
, 
II' 
II 
w 
~,,~.i.+::::~'~ 
" 
II 
~ 
10 
,.,,(;).J 
~ 
III 
! 
~ 
';:''0°1 
.IY-: 
~ 
1.0 
'II 
;.-; 
%~ 
z 
, 
0 
...J,(:J> 
I 
~ 
10+1 
I 
, 
: 


i III 
'I 
~ 
%-:::1 
I 
is 
10-2 
~ 


: 1'1 
~ 
~ 


2 
10+3 


" I 
ili 


Cl- lSP~=tm'= 


I II 
CL: 50pF-' 
- 
10-4 


102 
103 
104 
10' 
10· 
10' 


INPUT FREQUENCY 
- 
HI 


PROPAGATION 
DELAY. 
Rn OR 
Sn TO On. VE RSUS 
LOAD 
CAPACITANCE 


, 


<5 


~ 
120 
Ji~ 
o~ 
>' 
~ 
o~~ 
4" 
4 
~ 
, 


% 
".3 
". 


PROPAGATION 
DELAY. 
Rn OR 
Sn TO On. VERSUS 
TEMPERATURE 


~ 100 
, 
a 
90 


~ 
80 
~ 


~ 
70 
Ji 
>' 
60 
~ 
o '0 
g 
40 


4 
" 
30 
: 


~ 
20 
, 


;: 
10 


~ 
~60 


40448 


QUAD R/S LATCH WITH 3-STATE OUTPUTS 


·OESCRIPTION 
- 
The 
4044B 
is a Ouad 
RIS 
Latch 
with 
3-state Outputs 
with 
a common 
Output 
Enable Input 
(EOI. Each latch has an active LOW Set Input 
(S";;>. an active LOW Reset Input 
(An) 
and 
an active 
HIGH 3-State 
Output 
(an). 


When the Output 
Enable Input 
IEOI, is HIGH, the state of the Latch Outputs 
(ani 
can be determined 
from 
the Truth 
Table 
(see below). 
When the Output 
Enable 
Input 
(EO) 
is LOW, 
the 
Latch Outputs 
are 
in the high 
impedance 
OFF 
state. The Output 
Enable 
Input 
(EO) 
does not affect 
the state of the latch. 


• 
3·STATE 
BUFFERED 
OUTPUTS 
(ACTIVE 
HIGH) 


• 
COMMON 
OUTPUT 
ENABLE 
• 
SET INPUTS TO EACH LATCH 
(ACTIVE 
LOWI 
• 
RESET INPUTS TO EACH LATCH 
(ACTIVE 
LOW) 


PIN NAMES 


EO 
SO-53 
R(j-RJ 


00-03 


Output 
E'lable 
Input 


Set Inputs 
(Active 
LOW) 


Reset Inputs 
(Active 
LOW) 


3·State 
Buffered 
Latch Outputs 


-- 


INPUTS 
OUTPUT 


EO 
Sn 
Rn 
an 


L 
x 
X 
High 
Impedance 


H 
L 
H 
H 


H 
H 
L 
L 


H 
L 
L 
L 


H 
H 
H 
No Change 


Voo 
: 


VSS 
NC 


Pin 16 


Pin 
8 


Pin 
2 


H 
=;. HIGH 
Level 


L::::. LOW 
Level 


X 
'" Don't 
Care 


So 
RO 


CD 0 


VDD 
= Pin 16 
VSS 
= Pin B 
NC 
= Pin 2 
o 
= Pin Numbers 


NOTE: 
The 
Flatpack 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-10V 
VOO-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 


XC 
12 
MAX 
Output 
Returned 
Output 
OFF 
IOZH 
"A 
MIN,25°C 
to VOO, EO = VSS 
Current 
HIGH 
0.4 
XM 
MAX 
12 


-1.6 
MIN,25°C 
XC 
MAX 
Output Returned 
Output 
OFF 
- 12 


IOZL 
"A 
MIN,25°C 
to VSS, EO = VSS 
Current LOW 
-0.4 
XM 
MAX 
- 12 


Ouiescent 
20 
40 
80 
MIN,25°C 
XC 
MAX 
All inputs 
at 
Power 
150 
300 
600 


100 
10 
20 
"A 
MIN,25°C 
o V or VOO 
Supply 
5 
XM 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL=50pF, 
- 


70 
RL =200 
kH 


tpLH 
Propagation 
Delay. 
Sn to On 
135 
30 
65 
24 
52 
ns 


Input Transition 


Times.;;: 
20 
ns 


tpHL 
Propagation 
Delay. 
Rn to On 
70 
135 
30 
65 
20 
52 
ns 


tpZH 
30 
70 
15 
40 
12 
32 
ns 
IRL 
= 1 kH to VSS) 


Output Enable Time 
tpZL 
42 
90 
20 
50 
15 
40 
ns 
IRL 
= 1 kl1 to VOO) 


tpHZ 
22 
55 
20 
50 
15 
40 
ns 
IRL 
= 1 kn to VSS) 


Output 
Disable Time 


tPLZ 
30 
70 
20 
50 
15 
40 
ns 
IRL 
= 1 kH to VOO) 


tTLH 
60 
135 
30 
75 
20 
45 
ns 


Output 
Transition 
Time 


tTHL 
60 
135 
30 
75 
20 
45 
ns 


twSn 
Minimum 
Sn Pulse Width 
55 
27 
25 
14 
20 
10 
ns 


twRn 
Minimum 
Rn Pulse Width 
55 
27 
25 
14 
20 
10 
ns 
• 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
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40458 
21-STAGE BINARY COUNTER 


GENERAL 
DESCRIPTION 
- 
The 40458 
is a timing 
circuit 
consisting of an on-chip crystal oscillator 
circuit, 
a 21·stage 
binary 
ripple 
counter, 
two 
output 
pulse 
shaping 
circuits, 
two 
output 
buffers 
and 
one 20V 
Zener 
diode 
for 
protection 
against power 
supply 
transients. 
The device has an External 
Crystal 
Input 
(IX)' 
an External 
Crystal 
Output 
(OX), source connections 
to the "-channel 
and p-chan- 


nel transi~ 
of the oscillator circuit 
(SN and Spl. and a Data Output 
(Q20) and Complimentary 
Data 
Output 
(°20) 
from 
the 21st stage of the binary 
ripple 
counter, 
both 
with 
0.03125% 
duty 
cycles . 


.The 40458 
may be used with 
an external 
crystal 
oscillator 
circuit 
as shown in' the Block 
Diagram or an 
external 
clock 
pulse may be applied 
to the Crystal Output 
(OX) with 
the .Crystal Input 
(IX) 
tied to 
the Crystal 
Output 
(OX) and to the source connections 
(Sp and SN). A Schmitt 
trigger is provided 
to 
allow slow rise and fall times on the External 
Clock Input signal. 
. 


The crystal 
oscillator 
circuit 
can be made less sensitive to variations 
in the power supply voltage by 
adding external 
resistors R1 and R2 (see block diagraml. 
If thes.e external 
resistors are not required, 
source connection 
Sp must be tied to VDD and source connection 
SN must be tied to VSS' 


The Buffered 
Output 
(020) 
provides an Output 
signal with 
a frequency 
of 1/221 times the input fre· 


quency and a duty 
cycle of 0.03125%. The Complimentary 
Buffered 
Output 
provides the same output 
signal with 
a 1800 phase shift 
from 
020' 
As shown 
in the 
Block 
Diagram, 
an input 
frequency 
of 
2.097152 
MHz will 
yield 
output 
signals with 
frequencies 
of 1 Hz duty 
cycles of 1/32 seconds and a 
phase shift 
(between 020 and °20) of a one-half second. 


• 
ON-CHIP CRYSTAL 
OSCILLATOR 
OR EXTERNAL 
CLOCK 
INPUT 


• 
HIGH OUTPUT 
DRIVE 
CAPABILITY 
• 
EXTERNAL 
SOURCE CONNECTIONS 
FOR IMPROVED 
TIMING 
STABILITY 
• 
ON-CHIP ZENER 
DIODES 
FOR SUPPLY REGULATION 


PIN NAMES 


External 
Crystal 
Input 
Source Connection·to-p-channel 
transil»tor 
Source Connection-to-n-channel 
transistor 
External 
Crystal Output 


Data Output 
Complimentary 
Data Output 


JUuu- 


" 
--------r~,-------- 
~ 


He 
''' •••. ~.6.I.l0,11.12_1J 
OijJLnJL 


Foo Fon~ 20111S2MHI 
1~1_ 


VDD'PIN3 
VSS' PIN 14 
NC' PINS4.5.6.9.10. 
II, 12AND 13 


NOTE' 
The 
F latpak 
version 
has the 
same 
pinouts 
(Connection 
Diagram) 
as 
the Dual In-Line 
Package. 


40468 


MICROPOWER 
PHASE-LOCKED 
LOOP 


DESCRIPTION 
- 
The 40468 
is a Micropower 
Phase-Locked 
Loop 
consisting 
of a low 
power 
linear 
Voltage-Controlled 
Oscillator, 
a Source 
Follower 
Circuit, 
two 
different 
Phase Comparators, 
and a 
Zener diode. The Voltage-Controlled 
Oscillator 
has two External 
Capacitor 
connections 
(Cexta• CextbL 
two 
External 
~esistor 
connections 
(Rexta• 
Rextb), 
a Voltage·Controlled 
Oscillator 
Input llveo) 
and 
a Voltage-Controlled 
Oscillator 
Output 
IOvec). 
The Source Follower 
Circuit 
provides a Demodulated 
Output 
(00) 
from 
the 
Voltage-Controlled 
Oscillator. 
An active 
LOW Enable Input 
(E) 
common 
to 
both 
the 
Voltage-Controlled 
Oscillator 
and the Source Follower 
Circuit 
is also provided. 
Phase 


Comparator 
I and Phase Comparator 
II 
have common 
Signal 
(IS) and Comparator 
(lC) 
I nputs and 
separate outputs; 
Phase Comparator 
I Output 
{Opcd. 
Phase Comparator 
II Output 
(OpCIlI. 
and Phase 


Pulse Output 
(OPIII. 
An input 
to the Zener diode (lZ) 
is also provided. 


The Voltage-Controlled 
Oscillator 
requires 
one external 
capacitor 
(C,) 
and one external 
resistor (R,) 
to 
determine 
operational 
frequency 
range. A second external 
resistor 
(R2) 
may 
be used to allow 
frequency 
offset. 
External 
resistor R3 and external 
capacitor 
C2 combined 
serve as a low pass filter 
to the 
Voltage-Controlled 
Oscillator 
Input 
UVCOI. 
Output 
00 
is provided 
to avoid loading 
the low 
pass filter. 
External 
resistor 
R4 is required 
if this output 
is utilized. 
00 
must be left 
open when not 
utilized. 
The 
OUtput 
from 
the Voltage-Controlled 
Oscillator 
(OVCO) 
may be connected 
directly 
or 
indirectly 
through 
CMOS frequency 
dividers (i.e., the 40188, 
4020B, 
4022B, 
4024B, 
4029B, 
4040B, 


45188, 
4520B, 
401608, 
401.§1B, 
40162B, 
40163B, 
40192B 
or 40193B) 
to the Comparator 
Input 
(lC). 
With the Enable Input 
(E I HIGH both the Voltage-Controlled 
Oscillator 
and the Source Follower 
Circuit 
are OFF to minimize 
power consumption. 
With t LOW. both are enabled. 


For 
direct-coupling 
between 
OVCO 
and 
IC. the voltage 
swing at the Voltage-Controlled 
Oscillator 
Output 
(OVCO) 
must 
be within 
standard 
CMOS logic levels 1VOH •• 0.7 x VOO and VOL';; 
0.3 
x VOO); 
otherwise 
the signal from OVCO must be capacitively 
coupled 
to the Signal Input 
OSl. 


Phase Comparator 
I is an Exclusive 
OR 
drcuit 
(lC .~ IS). 
IC and IS must have 50% duty 
cycles to 
maximize 
lock 
range. 
When 
the 
Output 
of Phase Comparator 
I (OPCI) 
is connected 
back 
to the 
Voltage-Controlled 
Oscillator 
through 
the low pass filter 
network. 
an averaged voltage to IVCO forces 
oscillation 
at a center frequency. 


Phase Comparator 
II is an edge-triggered digital 
memory 
network 
with 
four flip-flop 
stages. associated 
control 
circuitry 
and a 3-state outPUt. 
Phase Comparator 
II triggers on LOW-to-HIGH 
transitions 
at 
the Signal 
(IS) and Comparator 
(lC) 
Inputs 
and is independent 
of 
duty 
cycle at these inputs. 
The 
Output 
of 
Phase Comparator 
II 
(OPCII) 
provides 
voltage 
levels and duty 
cycles corresponding 
to 
frequency 
and 
phase differentials 
between 
IC and 
IS. When 
0PCII 
is connected 
to the 
Voltage· 


Controlled 
Oscillator 
Input 
IIVCO) 
through 
the low pass filter 
network, 
a corresponding 
voltage across 
capacitor 
C2 is adjusted 
until 
the Signal (IS) and Comparator 
(Ie) 
Inputs are equal in both frequency 
and phase. At 
this point 
Phase Comparator 
II maintains 
a constant 
voltage across Capacitor 
C2. When 
this 
stability 
has been 
established, 
the 
Phase Pulse Output 
(OPII) 
is HIGH 
indicating 
a locked 
condition. 
Power dissipation 
in the iaw pass filter 
is reduced when Phase Comparator 
II is used. 


A zener diode is provided 
for regulating 
the power supply VOltage, if necessary. 


VERY LOW POWER CONSUMTPION 
HIGH VCO LINEARITY. 
1% TYPICAL 
CHOICE OF 2-PHASE COMPARATORS 
ENABLE INPUT (ACTIVE LOW) FOR LOW POWER DISSIPATION 
IN STANDBY MODE 
ON-CHIP ZENER DIODE FOR SUPPLY REGULATION 
VCO FREQUENCY 
DRIFT WITH TEMPERATURE 
= 0.04% I °c TYPICAL AT VDD = 10 V 


PIN NAMES 
Iz 
IS 


IC 
IVCO 
E 


Cexta, Cextb 
Rexta• Rextb 
°PCI 
°PCII 
°PII 
00 
°VCO 


Zener Diode Input 
Signal Input 
Comparator 
Input 
Voltage-Controlled 
Osci lIatar Input 
Enable Input (Active LOW) 
External 
Capacitor 
Connections 


External 
Resistor Connections 


Phase Comparator 
I Output 


Phase Comparator 
II Output 
Phase Pulse Output 
Demodulator 
Output 
Voltage-Controlled 
Oscillator 
Output 


• 


NOTE: 
The 
F latpak 
.••• 
ersion 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-I ine Package. 


r - 


o 
I 
IR 
I 


LOW 
I 


FI~;:~ 
: 
I 
:C, 
L. 


r------- 
I 
I 
-------, 
I 
I 
i 
------------------- 
1 


10·1(;B 
PHASE 
@ 
•... 
COMPARATOA 
I 
CD 
'S 
V 
II 


Opel 
'C 


.~ 
CD 


~ 
.- 


Opell 


PHASE 
I 
°PII 
@ 
COMPARATOR 
II 
CD 
-, 
'Z 
@ 
..,.A ZENER 
DIODE 


0 
L"'4 
Vss 
I 
cex,a0 
CD 
3 
I 
oveo 
:Tc, 
Cextb(2) 
VOL TAGE 
- 
I 
'vco0 
CONTROLLED 


I 
OSCILLATOR 


2 
I 
CD -"- 
, 


E 
I 
-v- 
_J 


SOURCE 
FOLLOWER 


'---- 


00 
Aexta 
Re)(tb 
@ 
@ @ 
VOO 
= 
Pin 16 


R. 
R, 
R2 
VSS 
= 
Pin 
8 
0 
= 
Pin 
Numb 


VSS 


10kn~Rl~' 
Mn 


10 kf2 ~ 
R2 ~ 
1 Mn 


10kn~R4~lMn 


Cl~100pFatVDD= 
5V 
C, ~ 50 
pF 
at V DO 
::: 10 
V 


FUNCTIONAL 
DESCPIPTION 
- 
The 40468, 
Micropower 
Phase-Locked Loop consists of a low power linear Voltage-Controlled 
Oscillator 
(VCOl, a Source Follower Circuit (SF), two PhaseComparators (PCI and PCI!) and a Zener dIode. 


VOLTAGE-CONTROLLED 
OSCILLATOR 


The VCO requires one external capacitor 
(C1) and one external reSistor (R 1) to determine operational frequency range. External resistor R2 is 
lIsed to allow for frequency offset, If required. It is recommended that R1 and R2 have a value between 10 kH and 1 MH. At VOO '" 5 V, C1 
should be greater than or equal to 100 pF, and at VOO 
=::; 10 V, C1 should be greater than or equal to 50 pF. 


External resistor R3 and external capacitor C2 combined serveas a low-pass filter to the Voltage-Controlled 
Oscillator Input (IVCOI. The user 


is allowed a wide range of resistor-to-capacitor 
ratios for R3 and C2 becauseof the high imput impedance at IVCO (approximately 
1012 H). 


The Voltage-Controlled 
Oscillator 
Output 
(OVCO) provides a 0.3 VOD 
to 0.7 VOO output 
VOltage swing and may be connected 
to the 
Comparator 
Input 
(lCL OVCO may, also be connected Indirectly 
to IC via CMOS frequency dividers (i.e., the 40188, 40228, 40298, 40408, 
45188,45208,401608,401618,401628,401638,401928, 
and 401938.1 


An Enable Input (E) to the VCO and SF ISprOVIded for minimum 
stand-by power dissipation. With the E Input HIGH both the VCO and the 
SF are OFF. With E LOW, both are enabled. 


PHASE COMPARATORS 
For direct-coupling 
between OVCO and IC, the voltage swing at OVCO must be Nithin standard CMOS logic levels (VOH ;> 0.7 VOO and 
VOL' 
0.3 VOO): otherwise the·signal from OVCO must be capacitivety coupled to the self-biasing amplifier 
at the IS Input. 


PhaseComparator I ISan Exclusive OR circuit 
(IC .;, ISl. For maximum lock range, inputs to IC and IS must have 50% duty cycles. (Lock range, 
2f L, is defined as that frequency range of input signals upon which the 40468 will stay locked from an initial 
locked condition). 
With no signal 


or noise input, 
Phase Comparator I provides an average output 
voltage equal to VOO/2 at the Opel 
Output. 
This average output 
voltage is 
supplied to the IVCO Input through the low-pass filter, 
which in turn forces the VCO to oscillate at a center frequency (f0). 


Capture range 2fC, 
IS defined 
as that 
frequency 
range of input signals upon which the 40468 will 
lock from an initial 
unlocked condition. 
Capture range for PCI ISdirectly 
dependent upon the characteristics of the low-pass filter network and may be as great as the lock range. Thus, 
PCI allows the user a phase-locked loop system which witt remain in a locked condition 
despite high amounts of noise in the input signal. 


It should be noted that with 
the use of PCI the system may lock onto input signals with frequencies that are near harmonics to the center 
frequency of the VCO. If should further 
be noted that the phase angle between the IC and IS Inputs will vary between 0° and 180°. At the 
center frequency 
the phase angle is 90 . Figure 2 illustrates a typical 
Phase Angle versus Average Output 
Voltage response characteristic 
for 
PCI. Figure 3 Jllustrates the typical waveforms for a phase-locked loop system employing PCI and locked at a center frequency. 


Phase Comparator 
II 
is edge-triggered digital 
memory 
network 
with 
four 
flip-flop 
stages, associated control 
circuitry 
and a 3-state output, 
controlled 
internally. 
PCII triggers on LOW-to-HIGH 
transitions at the Signal (IS) and Comparator (lC) Inputs and is independent of duty cycle 
at these inputs. If the input frequency at IS is higher than the input frequency at IC, the p-channel output transistor at 0PCII is turned "ON" 
continuously, 
pulling 
the output 
(OPCII) toward 
VOO' If the input frequency at IC is higher than the input frequency at IS, the n-channel 


output 
transistor at 0PCII 
is turned "ON" 
continuously, 
pulling the output toward VSS. If the input frequencies at IS and IC are equal, but IS 
lags IC in phase, the n-channel output 
transistor 
is turned 
"ON" 
for a period of time corresponding 
to the phase difference. 
If the input 


frequencies at IS and IC are equal, but IC lags IS in phase, the p-channel output transistor is turned "ON" 
for a period of time corresponding to 
the phase difference. 
Thus, over a period of time the voltage at capacitor 
C2 is adjusted until 
the IC and IS input siggals are of the same 
frequency 
and phase. Once this stability 
is reached, both p- and n-channel output 
transistors at OPCII are "OFF". 
0PClI 
becomes an open 
CIrCUitholding the voltage across C2 constant. 


With 
PCII 
no phase difference 
is present between IC and's 
over the entire 
VCO frequency 
range. Furthermore, 
since the 3-state Phase 
Comparator II Output 
(OPCII) is mostly 
in the "OFF" 
condition, 
power dissipation through the low-pass filter 
is minimized. 
It should also be 
noted 
that 
2fC '" 2f L 
independent 
of 
the filter 
network 
in a phase-locked loop 
utilizing 
PCII. Figure 4 shows typical 
waveforms for a 
phase-locked loop system employing PhaseComparator II and locked at a center frequency. 
• 


Fig. 2 
CHARACTERISTICS 
OF PHASE 


COMPARATOR 
I AT THE 
LOW PASS FI LTER 
OUTPUT. 


~ 
VOIl 
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~ IIlJI)) 
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voo 
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L-J 
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YOH 
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' 


Ie 
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, 
: 
VOL 


Dpil 
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r----i r--VOH 


~ 
~ 
VOL 
--.r 
:: 
VOH 


°Pell 
t.r====:VOL 


-VOH 


tvco~ 
_VOL 


lal 
A3 
Input~OutPut 


C2 
Ifii 
I 
21"2. 
~ 
'"= 
C 
r 
R3 C2 


(b) 
A3 
,","'~O"P"' 


r.~ 
:;t:: C2 


VCO 
in PLL 
system 
adjusts 
to center 
frequency 


(fOI. 


90 
at center 
frequency 
(foL approaching 
0° 


and 1800 at ends of lock 
range (2fL). 


Yes 


VCO 
in PLL 
system 
adjusts 
to 
minimum 
fre- 


quency 
(fmin). 


Always 
0° in lock 
(positive 
rising 
edges). 


Locks on harmonics 
of center frequency. 


Signal input 
noise rejection. 


Lock frequency 
range {2f Lt. 


No 


LOW 


The frequency 
range of the input 
signal on which the loop will stay locked if it was 


initially 
in lock. 
2fL 
= full 
VCO 
frequency 
range 
= fmax 
- 
1min" 


The 
frequency 
range 
of the 
input 
signal 
on which 
the 
loop 
will lock 
if it was initially 


out 
of lock. 


Center 
frequency 
(fa). 


0vco 
freqency 
(f). 


Depends 
on low-pass 
filter 
characteristics 


(Figure 
5) fC •• fL 


The frequency 
of 0VCO 
when 
IVCO = 1/2 VOO 


K 


f"" 


[ 
IVCO 
-1.65 
+ 
VOO -1.35] 


R1 
R2 


(C1 + 32) (VOO + 1.6) 


NOTE: 
The 
information 
presented 


here 
is meant 
only 
as a design 
guide. 


Voo 
in V; 5 V •• VOO •• 15 V 


'VCO 
in V; 1.65 V <;;; IVCO <;;; (V DO -1.35 
V) 


R1 and R2 in Mn; R1• R2 ;;'0.005 
Mn 


C1 in pF; 
C1 ;;'50 pF 


K = 0.95 @ VOO = 5 V 


=0.95@VOO=10V 


= 1.08@VOO=15V 


LIMITS 


SYMBOL 
PARAMETER 
VDD' 
5 V 
VDD: 
10 V 
VDD:15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
80 
pA 
MIN,25"C 
All inputs 
XC 
Power 
150 
300 
600 
MAX 
atOVorVDD 
IDD 
0- 
Supply 
5 
10 
20 
MIN,25 
C 
XM 
pA 
Current 
150 
300 
600 
MAX 


I 
-- 
-- 
---~ 
~ 


SYMBOL I 


LIMITS 


PARAMETER 
VDD: 
5 V 
VDD 
= 10 V 
VDD:15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
IMAX 


··~~-too.."o"0.", 
! 


CL:50pF 


tTLH 
72 
48 
38 


1 


RL = 200 kn 


I Output 
TranSition 
ns 


tTHL 
Time 
72 
48 
38 
Input 
Transition 


Times::li; 20 ns 


I Input 
I IS 
200 
400 
700 
RIN 
I IC 
106 
106 
106 - 
Mn 


Resistance 


I AC Coupled 
Input 
mV 


VIN 
200 
400 
700 
Sensitivity 
for IS 
Pop 


DC Coupled 
Input 


I Sensitivity 
for IS. Ie 
See Note 
1 for V1H and V1L Characteristics 


I Temperature- 


I 
No Frequency 
0.12 
0.04 
0.015 


%{oC 


0.24 
0.08 
0.03 
Offset. 
fmin 
= 0 


See Note 3 


I Frequency 
Stabrlity 
0.06 
0.05 
0.03 


Frequency 
Offset. 


0.12 
0.10 
0.06 


fmin'1=O 


I 
See Note 4 


I Linearity 
1 
1 
1 
% 
See Note 2 


Output 
Duty 
0VCO 
tied to 
50 
50 
50 
% 
Cycle 
IC 


RIN 
Input 
ResIstance 
106 
106 
106 
Mn 
to IVCO 


fmax 
Maximum 
0.9 
1.7 
2.3 
Mllz 
See Note 6 


Operating 
Frequency 
• 


VD 


Offset 
Voltage 
1.65 
1.65 
1.65 
V 
R4>10kn 


at 0D 


Linearity 
0.1 
0.6 
0.8 
% 
See Note 5 


Vz 
Zener 
Voltage 
7 
7 
7 
V 
IZ:50pA 


RZ 
Zener 
Dynamic 


100 
100 
100 
n 
IZ: 
1 mA 


Resistance 


Notes: 
1. 
Additional 
de characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Iveo:: 
2.5 
V±. 
0.3 
V. 
R, > 10 kn 
for 
VOO 
""5 V. 
'vea::: 
5 V±. 
2.5 
V, 
R,>400kHforVOO= 
10 V. 
IVCO 
= 7.5 
V±.5 
V, 
R1 > 
1 MS1. 
for 
VOO:= 
15 V. 


3. 
R2:= 
~ 
%l°e 0: 1/(f-VOO). 


4. 
%/oC 0: 1/ef-VOOI. 


5. 
R4 >50 
kn, 
IVCO:= 
2.5 
V±. 
0.3 
V for 
VOO 
= 5 V. 
IVCO 
= 5 V±. 
2.5 
V for 
VOO 
= 10 V, Iveo 
= 7.5 
V1.5 
V for 
VOO 
= 15 V. 


6. 
R1 = 5 kS1., A2 = 00, IVCO 
"" VOO' 
C, 
""50 pF. 


40478 
MONOSTABLE/ASTABLE MULTIVIBRATOR 


DESCRIPTION 
- 
The 40478 
is a Monostable/Astable 
Multivibrator 
capable of operating 
in either 
the 
monostable 
or 
astable 
mode. 
Operation 
in either 
mode 
requires 
an external 
capacitor 
(ex) between 
pins 
1 and 
3 ICext,Rext/Cext) 
and 
an external 
resistor 
(Rx) 
between 
pins 
2 and 
3 (Rext,Rext/Cext). 


These external 
timing 
components 
(Ax,ex' 
determine 
the output 
pulse width 
in the monostable 
mode 
and the output 
frequency 
in the astable mode. 
The 40478 
also has active 
HIGH 
and acti~e LOW 
astable 
mode 
Enable 
Inputs 
(EAO,EA1), 
active 
HIGH 
and 
active 
LOW 
Trigger 
Inputs 
(TO,T,) 
for 
operation 
in the monostable 
mode, a Retrigger Input 
0RT), 
an Oscillator 
Output 
(0), active HIGH 
and 
active 
LOW flip·flop 
Outputs 
(Q,a} and 
an overriding 
asynchronous 
Master 
Reset 
Input 
(MRL 


ASTABLE 
OPERATION. 
Astable 
operation 
is obtained 
by either a HIGH 
on the EAO input 
or a LOW 
on 
the 
EA 1 input. 
The 
frequency 
of the 
50% duty 
cycle 
output 
at the 
Q and a outputs 
i~ determined 
by 
the 
external 
timing 
components 
(Rx,Cx)' 
A 
frequency 
twice 
that 
of 
the 
Q and 
Q outputs 
is 
available 
at the 
Oscillator 
Output 
(0). However, 
a 50% duty 
cycle 
is not 
guaranteed. 
The 4047B 
can 
be 


used 
as a gated 
oscillator 
by contrc.lling 
the 
EAO and 
EA 1 inputs. 


MONOS'!.ABLE 
OPERATION. 
Monostable 
operation 
is obtained 
by 
connecting 
the 
EAO input 
LOW 
and 
the 
EAl 
input 
HIGH. 
The 
device 
can 
be triggered 
by 
either 
a LOW-to-HIGH 
transition 
at the 
TO 
input 
while 
the Tl 
input 
is LOW 
or a HIGH-to-LOW 
transition 
at the Tl input 
while 
the 
TO is HIGH. 


The 
output 
pulse 
width 
at 
Q and 
Q is determined 
by 
the 
external 
timing 
components 
(Rx,Cx)' 
The 
qevice 
can 
be 
retriggered 
by 
applying 
a simultaneous 
LOW-to-HIGH 
transition 
to 
both 
the 
Retrigger 


Input 
(tRT) 
and 
the 
TO input 
while 
the Tl input 
is LOW. 


A HIGH 
on the Master Reset Input 
IMRI 
resets the output 
flip·flop 
IQ = LOW, Q = HIGH 
independent 
of all other 
input 
conditions. 


• 
MONOSTABLE 
OR ASTABLE 
OPERATION 
• 
TRUE 
AND 
COMPLEMENTARY 
BUFFERED 
OUTPUTS 
• 
ENABLED 
WITH 
EITHER 
A LOW OR A HIGH 
LEVEL 
IN THE ASTABLE 
MODE 


• 
TRIGGERED 
ON EITHER 
A LOW-TO·HIGH 
OR A HIGH-TO·LOW 
TRANSITION 
IN THE MONOSTABLE 
MODE 


• 
ASYNCHRONOUS 
MASTER 
RESET 
• 
IN THE MONOSTABLE 
MODE, 
OUTPUT 
PULSE WIDTH 
IS INDEPENDENT 
OF THE TRIGGER 
PULSE 


• 
RETRIGGERABLE 
OPTION 
AVAILABLE 
FOR PULSE WIDTH 
EXPANSION 


• 
IN THE ASTABLE 
MODE, 
MAY 
BE UTILIZED 
AS EITHER 
A FREE RUNNING 
OR GATED 
OSCILLATOR 
WITH 
A 50% OUTPUT 
DUTY 
CYCLE 


PIN NAMES 


Cext 


Rext 


Rext/Cext 


IRT 


TO 
1'1 


EAO 


EA1 
MR 
a 
Q,O 


External 
Capacitor 
Connection 


External 
Resistor 
Connection 


Common 
External 
Capacitor 
and 
Resistor 
Connection 


Retrigger 
Input 


Trigger 
Input 
(L - 
H Triggered) 


Trigger 
Input 
(H - 
L Triggered) 


Enable Input 
IActive 
HIGH) 


Enable 
Input 
(Active 
LOW) 


Master 
Reset 


Oscillator 
Output 


True 
and 
Complementary 
Buffered 
Outputs 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


LOW 
POWER 
ASTABLE 
MUL TIVIBRATOR 


VDD= 
PIN 14 


VSS = PIN 7 
o 
= PIN NUMBER 


I 
INPUTS 


EAO 


; 
EA, 
TO 
T, 
IRT 
MR 
FUNCTION 


H 
X 
L 
H 
L 
L 
Astable Multivibrator 
(Free Running) 


X 
L 
L 
H 
L 
L 
Astable Multivibrator 
(Free Running) 


11. 
H 
L 
H 
L 
L 
Astable 
Multivibrator 
(True 
Gating) 


L 
I 
"l.I" 
L 
H 
L 
L 
Astable 
Multivibrator 
(Complement 
Gating) 


r==~ 
I 


L 
H 
.r 
L 
L 
L 
Monostable 
Multivibrator 
(Positive-Edge 
Triggering) 
- 
- 
-- 
- ~--- 


L 
H 
H 
'- 
L 
L 
Monostable 
Multivibrator 
(Negative-Edge 
Triggering) 


l± 


H 
I 
.r 
L 
.r 
L 
Monostable Multivibrator 
(Retriggering) 


X 
: 
X 
X 
X 
H 
Res~t 


• 


H = 
HIGH 
LEVEL 
L = 
LOW LEVEL 
11. = 
POSITIVE 
PULSE 


"l.I" 
= 
NEGATIVE 
PULSE 


.r 
POSITlVE·GOING 
TRANSITION 


"\. 
NEGATlVE·GOING 
TRANSITION 


X 
DON'T 
CARE 


1. 
Under normal operating 
conditions 
of the 40478, 
signals at the Common External Capacitor and Resistor Connection 
(Rext/Cext) 
may go 
above VOO or below VSS. A different 
input 
protection 
circuit 
has been utilized 
that is not as effective 
as the standard input 
protection 
circuit 
on all other inputs. Additional 
care in handling is advised. 


2. 
An external 
resistor (Rx) and an external timing capacitor 
ICxl are required as shown in the Block Diagram. To simply maintain oscillation 
there are no limits 
on Rx or Cx. However, in the interests of accuracy and predictability 
it is recommended that Cx be much greater than 


stray capacitance in the system and Rx be much greater than the series "ON" 
resistance of the 40478. 
In addition, 
as Rx becomes very 


large, short-term 
instabilities 
may be introduced. 
Recommended component 
values are listed below: 


Cx;;' 
100 pF 


Cx ;;. 1000 pF 


10 kl1 '" Rx '" 1 Mn 


for astable operation 


for monos table operation 


3. 
In the astable mode of operation, 
the output 
period at the 0 output 
(Tal 
is determined as follows: 


TQ = 4.40 • Rx . ex. 
typically 
where: 


Cx is in farads 


Rx is in ohms 


TO is in seconds 


4. 
In the monostable mode of operation 
the output 
pulse width at the Q output 
(twO) is determined as follows: 


two = 2.48 • Rx • Cx• typically 
where: 


Cx is in farads 


Rx is in ohms 


two 
is in seconds 


7. 
VOO and ground wiring 
should conform 
to good high frequency 
standards so that switching 
transients on VOO and ground leads do not 
cause interaction 
between 
devices. Use of a 0.01 
to 
0.1 fJF bypass capacitor 
between 
VOO 
and ground 
located 
near the 40478 
is 
recommended. 


8. 
In the retriggering mode of operation 
extended output 
pulse width 
at the Q or Q outputs may be obtained by applying 
more than one input 


pulse to the TO and IRT inputs simultaneously. 


9. 
An overriding 
active HIGH, 
Master Reset Input 
(MR) 
is provided on the 4047B device. By applying a HIGH to the Master Reset Input, any 
timing 
cycle can be terminated 
or any new cycle inhibited 
until 
the HIGH 
Master Reset signal is removed. Trigger inputs will not produce 
spikes in the output 
when Master Reset is HIGH. 


DC CHARACTERISTICS: 
VDD as shown, VSS = 0 V (Note 1) 


LIMITS 


SYMBOL 
PARAMETER 
Voo 
= 5 V 
Voo=10V 
Voo= 
15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
All inputs 


XC 
J.IA 
Power 
150 
300 
600 
MAX 
atOVorVDD 
100 
Supply 
5 
10 
20 
MIN,25OC 
XM 
J.IA 


Current 
150 
300 
600 
MAX 


AC CHARACTERISTICS 
AND SET-UP REQUIREMENTS: 
Voo 
as shown, VSS = 0 V, T A = 25°C 
(See Note 21 


I 
LIMITS 
I 


SYMBOL! 
PARAMETER 
Voo 
= 5 V 
Voo=10V 
Voo 
= 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, 
EAO 
OR 
100 
50 
125 
38 
100 
ns 


tpHL 
EA1 to 0 
100 
50 
125 
3B 
100 
ns 


tpLH 
. Propagation 
D...=lav, EAO OR 
160 
74 
185 
56 
14B 
ns 


tpHI 
EA1 
to Q or Q 
160 
74 
185 
56 
148 
ns 


tpLH 
~opagation 
~elay. 
TO OR 
210 
94 
235 
68 
108 
ns 


tpHL 
T 1 to Q or Q 
210 
94 
235 
68 
108 
ns 


tpLH 
Propaga~on 
Delay. 
T Q. I RT 
116 
60 
130 
46 
104 
ns 
CL = 50 pF. 


tpHL 
to Q or Q 
116 
60 
130 
46 
104 
ns 
RL =200 
kn 


tpLH 
Propagation 
Delay. MR to 
100 
44 
125 
28 
100 
ns 
Input Transition 


tpHL 
OorO 
100 
44 
125 
28 
100 
ns 
Times~20 
ns 


tTLH 
Output 
TransitIOn 
65 
135 
31 
75 
24 
45 
ns 


'THL 
I TIme 
60 
135 
25 
75 
20 
45 
ns 


'w 
I Minimum 
Pulse Width 
(Any 
Input) 
400 
160 
170 
68 
136 
44 
ns 


~c~R 
Recovery Time 
o 
1-30 
0 
-15 
0 
-10 
ns 


th 
i Hold Tome, TO to T1 
64 
! 
32 
32 
16 
26 
13 
ns 


th 
I Hold Time, T, to TO 
64 
32 
32 
16 
26 
13 
ns 


Notes 
1, 
AddItional 
de characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics, 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphic~ 
described 
in this 
section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


3. 
I t 
is recommended 
that 
inpu t rise and 
fall 
times 
to 
the 
TO' 
T 1 . or 
I RT 
I nputs 
be 
less than 
15 JJ s at V DO ""5 V. 
4 JJ s at V DO :::10 V 
and 


J JJ s at V DO 
= 
15 V 
Also 
input 
rise and 
fall 
times 
to EAO 
and 
E A 1 should 
be less than 
500 
ns at any 
VOO 
voltage. 
• 


10~~~ 


I~- 
tw -1------- 
t,ec 


150% 
~O% 
---- 
'-------- 


MINIMUM 
PULSE WIDTHS 
AND 
RECOVERY 
TIME 
FOR MR 


CONDITIONS: 
11 = 
LOW while 
TO is triggered 
on a 


LOW-to-HIGH 
transition. 
tw 
and tree also apply 
when 


TO = 
HIGH 
and 11 is triggered 
on 
a 
HIGH-la-LOW 
transition. 


Hold Times 
are shown as positive 
values. 


but 
may 
be specified as negatIve values. 


40498 • 40508 


4049B 
HEX INVERTING BUFFER • 4050B 
HEX 


NON-INVERTING BUFFER 


DESCRIPTION 
- 
These CMOS 
buffers 
provide 
high current 
output 
capability 
suitable 
for driving TTL 
or high capacitance loads_ Since input 
voltages in excess of the buffers' 
supply voltage are permitted, 
these buffers may also be used to convert logic levels of up to 15 V to standard 
TTL 
levels. The 40498 
provides six inverting buffers. the 4050B 
six non-inverting 
buffers. Their guaranteed fan out into common 
bipolar logic 
elements is shown in Table 1. 


4049B 
LOGIC AND CONNECTION 
DIAGRAM 
DIP ITQP VIEWI 


NC 
NC 


40508 
LOGIC AND CONNECTION 
DIAGRAM 
DIP lTOP VIEW! 


NOTE 
The 
Flalpa'" 
"","S'O" 
hilS 
the 
~ame 
pInouts 
(Conne<;l,on 
D,agram) 
as The 
Oval 
In 
iine Package 


INPUT 
PROTECTION 


INPUT 200~: 


NOMINAL 
TO lOGIC 
INPUT ~ 
TRANSISTORS 
'I 


D1 


TO VSS 


NOTE 
TVPlc,1 
B,e,kdo""n 
Vall,ge 
at 
D,ode 
Dl 
IS 20 
v 


I 


GUARANTEED 


FAN 
OUT 


Standard TTL. DTL 


9LS. 93L, 74LS 


74L 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO= 
10V 
VOO = 15 V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


-1.85 
VOUT 
= 2.); V for VOO = 5 V 


MIN,25'C 
-1.25 
-2.5 
mA 
Inputs at 0 or VOO 
MAX 
-0.9 
per Function 
Output 


IOH 
HIGH 


VOUT 
= 4.5 V for VOO = 5 V 


-0.62 
-1.85 
-5.5 
VOUT 
= 9.5 V for VOO = 10 V 
Current 
MIN,25'C 
-0.5 
-1 
-1.25 
-2.5 
-3.75 
-7.5 
mA 
VOUT 
= 13.5 V for VOO = 15 V 
MAX 


-0.35 
-0.9 
-2.7 
Inputs at 0 or VOO 


per Function 


VOUT 
= 0.4 Vfor 
VOO = 5 V 


3.75 
10 
30 
VOUT 
= 0.5 V for VOO = 10 V 


3 
6 
8 
16 
24 
48 
mA 
MIN,25'C 
VOUT 
= 1.5 V for VOO = 15 V 
Output 
MAX 
2.1 
5.6 
16.8 
Inputs at 0 or VOO 


IOL 
LOW 


Current 
per Function 


3.3 
VOUT 
= 0.4 V for VOO = 4.5 V 
MIN,25'C 
2.6 
5.2 
mA 
Inputs at 0 V or VOO 
MAX 
1.8 
per Function 


Quiescent 


Power 
1 
2 
4 
MIN,25'C 
100 
Supply 
30 
60 
120 
"A 
All Inputs at 0 V or VOO 
MAX 


Current 


Voo 
= 5 V 


MIN 
TYP 
MAX 


LIMITS 


VOO=10V 


MIN 
TYP 
MAX 


Voo = 15 V 


MIN 
TYP 
MAX 


mA 
MIN 


mA 
25°C 


mA 
MAX 


mA 
MIN 


mA 
25°C 


mA 
MAX 


mA 
MIN 


mA 
25°C 


mA 
MAX 


mA 
MIN 


mA 
25°C 


mA 
MAX 


-1.5 


-125 
-2.5 


Output 
-10 


IOH 
HIGH 


Current 


-06 
-15 
-4.5 


-05 
-1 
-125 
-25 
-3.75 
-7.5 


-0.4 
-10 
-3 


3.6 
9.6 
28 


30 
6 
8 
16 
24 
48 


Output 
25 
6.6 
19 


LOW 


Current 


31 


26 
52 


2.1 


QUiescent 


Power 
4 
8 


Supply 
30 
60 


Current 


MIN.25°C 


MAX 


VOUT 
= 2.5 V for VOO = 5 V 


Inputs 
at 0 or VOO 


per Function 


VOUT 
= 45 
V for VOO = 5 V 


VOUT 
= 95 
V for VOO = 10 V 


VOUT 
= 13.5 
V for VOO = 15 V 


Inputs 
at 0 or VOO 
per Function 


VOUT 
= 0.4 
V for VOO = 5 V 


VOUT 
= 0.5 
V for VOO = 10 V 


VOUT 
= 1.5 V for VOO = 15 V 


Inputs 
at 0 or VOO 


per Function 


VOUT 
= 0.4 
V for VOO = 4.5 
V 


Inputs 
at 0 V or VOO 


per Function 


All inputs 
at 


OVorVoo 


LIMITS 
• 


SYM80L 
PARAMETER 
VOO 
= 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST 
CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
65 
130 
30 
65 
29 
52 
CL=50pF, 


Propagation 
Delay 
ns 
tpHL 
50 
105 
25 
50 
17 
40 
RL=200kn 


tTLH 
73 
145 
40 
80 
30 
60 
Input Transition 
Output 
Transition 
Time 
ns 
tTHL 
33 
65 
13 
25 
9 
20 
Times <;; 20 ns 


NOTES' 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Tnmsition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


AC CHARACTERISTICS 
AND 
SET-UP REQUIREMENTS: 
VOO as shown, VSS = 0 V, TA = 25°C, 4050B only 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
65 
130 
30 
65 
24 
52 
CL =50pF, 
Propagation Delay 
ns 
tPHL 
43 
95 
23 
45 
17 
36 
RL = 200 kfl 


tTLH 
73 
145 
90 
80 
30 
60 
Input Transition 
Output Transition Time 
ns 
tTHL 
33 
65 
13 
25 
9 
20 
Times ~ 20 ns 


Notes on preceeding page. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


TYPICAL 
POWER DISSIPATION 
PROPAGATION 
DELAY 
VERSUS 
OUTPUT 
TRANSITION 
TIME 
VERSUS 
FREQUENCY 
LOAD 
CAPACITANCE 
c 
VERSUS 
LOAD 
CAPACITANCE 


;: 1000 
~ 120 
TA-25°C 
I 
I 
,/ 


I 200 


tT~/ 


E 
. I 
110 
w 
TA = 25°C 
,L 
I tPLHYOO - 5 V- 1Y' 
::; 180 
100 f-------- ----.----,___+__ 
> 
., 


w 


f-- 
.V~~ 
~',~:oo~ 


:3 100 
tPHL,vOO 
5V, 
/' 
z 160 
... 


A 
.. 
w 
90 
0 
" 
10 
0 
tPLH,vOO 
10 V ./ 
..•. 
i= 140 
ffi 
Z 
80 
tPLH,vOO :; 15 V" 1\ 
.).- 
u; 
VOO 
=0 5 V 
0 
.. 
1.0 f--- 
- --- ~~5i{y 
., 
70 
~ 120 
V 
Z 
.~",/",/ 
.. 
/ 
v\ 
~ 100 
~ VD?='V L 
0 
" 
60 
., 10-1 
.. 
./ 
./' 
V 
... 
tTHL 
..•. 
.. 
,~.7 
VOO~5V 
.. 
50 
::> 
80 
.. 
0 
V 
\ 
./' 
- 
.. 
/ 
.......\ 
" 


u; 
a: 
40 
... 
..•. - 


10-2 
.. 
- 
- 


::> 
60 
tTLH 
~ 
...~~:;/ 
Cl = 15 pF__ 
~ 
30 
0 
/ 
~ 
:;:::.. .- 
C[~50pF--- 
l.---::: -- 
L--- 
- 
, 
40 
t='+- 
ffil0-3~~_- 
~ 
20 
-' 
/ L..".::; ~ 
"II 


tPHL,vOO 
15 V 
% 
!'- 


~ 
/( 
,I 
.1 
1ill 
:5 
10 
I: 
20 
tPHl,vOD 
=< 10 V 
1 
:i 
0 
VOO 
15 V 
CL 10-4 
~ 
0 
102 
103 
104 
105 
106 
107 
0 
20 
40 
60 
80 
100 120140 
160 
~ 
0 
20 
4p 
60 
80 100 120 140160 


INPUT 
FREQUENCY 
- 
Hz 
CL - LOAO CAPACITANCE - pF 
Cl - lOAD CAPACITANCE - pF 


PROPAGATION 
DELAY 
N·CHANNEL 
DRAIN 
P·CHANNEL 
DRAIN 
VERSUS 
TEMPERATURE 
CHARACTER 
ISTICS 
CHARACTERISTICS 
~ 60 
CL - 16 pF 
I 
I 
160 


I 


0 
A 
I 
.- 
TA = 25°C 
TA - 25°C 
> 
I-\PL~ 
VOO = 6 ~ 
•• 140 
IV 
VGS 
15V- 
.. 
VGS = 5 V 
1/ 
:3 50 
, 
I""""" 
l-- 
E 
E -to 
w 
~ 120 
I 
VGS 
GATE TO1 
1:;5 
0 
V 
'I.J.-- 
/ 
... 
- 
~ 40 
Z 
Z 
- 
SOIURCEVOLTAGE - V7 


./' 
l-- 
tPHL,vOO - 6 V 
~ 100 
w 
., 
a: -20 
.. 
I 
I 
I 


a: 
a: 


-VGS= 
lov 


......•. 
::> 
" 
30 
(J 
80 
::> 
.. 
tPLH.tPHL,VOD 
- 
10 V 
-- 
z 
// 
VG~ 
10V 
(J 
1 
I 
/ 
.. 


~ -30 
0 
L..-l--t"'I 
" 
f 
20 
a: 
60 
.. 
I 
--- 
0 
'ill- 
VGS 
GATE TO 
!, 
a: 


I 
f-- 
I 


:: 
SOrURCj VTAr -1-- 
0 
I 
/ 
-' 
tPLH,tP~L,vOO - 16 V 
, 


E 10 
Z 
a.. -40 
~ 
I 
I 
I 
I 
1+_ 
9 
9 
VGS 
:5 
I 
I 
I 
I 
1 


f-- 
vT 
VFS-1 


6V 
I 
~ 0 
0 
-60 
-60 
-40 -20 
0 
20 40 6080 
100120140 
0 
2 
4 
6 
8 
10 
12 
14 
16 
0 
-2 
-4 
-6 
-8 
-10 
-12 
-14 -16 
TA - AMBIENT TEMPERATURE 
- °C 
VOS - ORAIN TO SOURCEVOLTAGE- V 
VOS - ORAIN TO SOURCEVOLTAGE - V 


40518 
8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


DESCRIPTION 
- 
The 405' 
B is an 8-Channel 
Analog Multiplexer/Demultiplexer 
with three 
Address 
Inputs 
IAO-A2), 
an active 
LOW Enable Input 
IE"!. eight Independent 
Inputs/Outputs 
(YO-Y7) 
and a 
Common 
Input/Output 
IZI. 


The 
4051 
B contains 
eight 
bidirectional 
analog 
switches, 
each 
with 
one 
side connected 
to an 
Indepen- 
dent 
Input/OutEut 
(Yo-Y?) 
and 
the 
other 
side 
connected 
to a Common 
Input/Output 
IZI. With 
the 


Enable 
Input 
(E) 
LOW. 
one 
of the 
eight 
switches 
is selected 
(low 
impedance, 
ON state) 
by the 
three 
Address 
Inputs 
(AO-A21. 
With the 
Enable 
Input 
IE) 
HIGH, all switches are in the high impedance 
OF F state, 
independent 
of the 
Address 
Inputs. 


VOO 
and 
VSS are the two supply 
voltage 
connections 
for the digital 
control 
inputs 
(AO-A2• 
E). Their 
voltage 
limits 
are 
the 
same 
as for 
all other 
digitdl 
CMOS. 
The 
analog 
inputs/outputs 
(YO-Y7' 
21 can 
swing 
between 
VOO 
as a positive 
limit 
and 
VEE 
as a negative 
limit. 
VOO-VEE 
may 
not 
exceed 
15 V. 


For 
operation 
as a digital 
multiplexer/demultiplexer, 
VEE 
is connected 
to 
VSS 
(typically 
ground!. 


AOYO 
Y1 
Y'2 
Y3 
Y" 
Y!J 
Y6 
Y7 


" 


PIN NAMES 
YO-Y7 
~-A2 
E 
Z 


Independent 
Inputs/Outputs 
Address 
Inputs 
Enable Input (Active LOWI 
Common 
Input/Output 


INPUTS 
CHANNELS 


E 
A2 
A, 
AO 
Yo-z 
Y,-Z 
Y2-Z 
Y3-Z 
Y4-Z 
Y5-Z 
Ys-Z 
Y7-Z 


L 
L 
L 
L 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
L 
L 
L 
H 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
L 
L 
H 
L 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
L 
L 
H 
H 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
L 
H 
L 
L 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
L 
H 
L 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
L 
H 
H 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
L 
H 
H 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
H 
X 
X 
X 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


VDD 
Pin 
16 


VSS 
Pin 
8 


Vee 
Pin 
7 • 


L 
LOW 
Level 
H 
HIGH 
Level 


X 
Don't 
Care 


I. 


1S 


13 


." 
12 


0 


11 


10 


Pin 16 
Pin 8 
Pin 7 


Pin Numbers 


NOTE, 
The 
F latpak 
versIon 
has 
the 
same 
pinouts 
(Connection 
Diagram 
as the 
Dual 
In-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


95 
900 
55 
380 
35 
210 
MIN 


100 
1000 
65 
500 
40 
280 
n 
25°C 


ON 
XC 
125 
1100 
100 
600 
65 
340 
MAX 
Vis = VOO to VEE 


RON 
Resistance 
90 
850 
50 
340 
30 
190 
MIN 
Note 2 


XM 
100 
1000 
65 
500 
40 
280 
n 
25°C 


150 
1150 
110 
660 
70 
370 
MAX 


"li." ON Resist- 


aRON 
ance Between Any 
25 
10 
5 
n 
25°C 
Note 
2 


Two 
Channels 


OFF State 
t = VOO 


XC 
800 
Leakage 
VSS = VOO/2 


Current, All 
XM 
80 
Vis = VOO or VEE 


IZ 
Channels 0 FF 
nA 
25°C 
Vas = VEE or VOO 


Any 
XC 
100 
r = VSS = VOO/2 


Channel 
Vis = VOO or VEE 
XM 
10 
OFF 
Vas = VEE or VOO 


Quiescent 
20 
40 
80 
MIN,25'C 
XC 
"A 
VSS = VEE 
Power 
150 
300 
600 
MAX 
100 
Supply 
5 
10 
20 
MIN,25°C 
All inputs 
at 


XM 
"A 
VOO 9r VEE 
.Dissipation 
150 
300 
600 
MAX 


- 
--- 
------ 
j- 
--_._-- 
-- 


LIMITS 
- 
-- 
- 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-l0V 
VOO = 15 V 
UNITS 
TEST CONDITIONS 


Y1N1TYP rAX 
._- 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
- 
- 
-- 


tPLH 
Propagation Delay. 
25 
10 
6 
CL=50pF.RL=200kH 


ns 
E = VSS = VEE. 
tPHL 
Input 
to Output 
10 
6 
4 


170 I 
--r--- 


tPLH 
Propagation 
Oel<.1Y, 
95 
80 
An or Vis = VOO 
or VEE 


I 
ns 
~ 
Address 
to Output 
210 
125-+ 
95 
Note 5 
-- 


tpZL 
lB5 
95 
75 
CL - 50 pF. RL = 1 kn 
Output 
Enable 
Time 


105 
~ 


ns 
tPZf-L_ 
205 
B5 
E or An = VSS = VEE 
, 
- 


tPLZ 
1250 
"30 
I 
lOBO 
Vis = VOO or VEE 


Output 
Disable 
Time 
ns 


tPHZ 
1240 
'120 
1070 
Note 5 
--- 
, 
, 1 


-- 
-- 
- - - 
- 
f------ 
- 
-- 


I 
RL=10kl1 


Distortion, 
Sine 
I 


I 


VSS = VOO/2. E = VEE. 
0.2 
0.2 
0.2 
% 


Wave 
Response 


I 


Vis = VOO/2 
(sine 
wavel 
pop 


I 
tis = 1 kHz 


I 
I 
RL 
= 1 kH 
E - VEE 


Crosstalk 
Between 
I 
Vis::: 
VOO/2 
(sine 
wavel 
p-p 


I 
I 
1 
MHz 
at -40 dB 


I 


Any Two Channels 
VSS = VOO/2. 
20 L09l0 


I 
IV oslVis) 
= -40 dB 


I 
RL = 1 kH. 
VSS = VOD/2 


OFF 
Stilte 
E = VOO 
1 
MHz 
Feedthrough 
Vis = VOO/2 
(sine wave)p-p 


- 
1 
- 
t 
f- 
20 L0910 IVoslVisl 
= -40 dB 


I 


13 j 


RL = 1 kH. 
E = VSS 


I ON State 


I 


VIS = VOO/2 
(sine wavelp-p 


'MAX 
40 
70 
MHz 
VSS = VOO/2 
Frequency 
Response 


20 L0910 IVoslVos 
@ 1 kHz) 


I 
I 
= -3 dB 


NOTES 
, 
Addllionili 
DC 
Ch<tractensttLS 
are 
lIsfed 
In thtS 
section 
under 
40008 
Series 
CMOS 
FamIly 
Characteristics. 


2 
E 
VSS 
RL 
10 k~l. 
any channel 
selecled 
an(1 VSS 
VEE 
or 
VOD/2 


3. 
Propagation 
Delays 
ond 
OutP~1l TranSition 
T,mes are graphically 
described 
in thiS section 
under 
40008 
Series CMOS 
Family 
Characteristics 
. 
4 
VIs/Vas 
IS the voltage 
Signal at an Input/Output 
terminal 
(Y n/Znl. 


5. 
V1N 
Vaa 
{Square 
Wavel. 
Input 
transition 
tllnes· 
20 ns, RL 
10 kH 


6 
In <.:ertam <lpplt<.:atlons, 
the current 
thro~lgh 
the 
eJl:lernal 
load 
reSIstor 
(RLI 
may 
,nclude 
both 
VOO 
and 
signal 
line 
components. 
To avoid 
drawlIlg 
Vao 
<.:urrent when 
SWItch current 
flows 
Into 
termmals 
1, 2, 4, 5, 12, 1::;, 14, or 
15 the vOltage drop 
across the bidirectional 
switch 


llluSt 
nOI 
eJl:ceed 05 
V 
at 
TA' 
25 
C. or 
03 
V al 
T A 
·25 
C. No 
Vaa 
current 
will 
flow 
through 
RL 
if 
the 
SWItch current 
flOws 
into 


termmal3. 
• 


40528 
DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


DESCRIPTION 
- 
The 40526 
is a Dual 4·Channel 
Analog 
Multiplexer/Demultiplexer 
with 
common 
channel select logic. Each Multiplexer/Demultiplexer 
has four independent 
Inputs/Outputs 
(YO-Y3) 
and a Common 
Input/Output 
(Z). The common 
channel select logic includes 
two Address Inputs 


lAO_ A11 and an active 
LOW Enable Input 
(EI. 


Both 
multiplexer/demultiplexers 
contain 
four 
bidirectional 
analog 
switches, 
each with 
one side 
connected 
to an Independent 
Input/Output 
(YO-Y3) 
and the other 
side connected 
to a Common 


Input/Output 
(Z). With the Enable Input LOW, one of the four switches is selected (low impedance, 


ON state) 
by the.two 
Address 
Inputs. 
With the Enable 
Input 
HIGH, all switches 
are in the high im- 
pedance OF F state. independent 
of the Address Inputs. 


VOO and VSS are the two supply voltage connections 
for the digital control inputs (AO-A1, E). Their 
voltage limits are the same as for all other digital CMOS. The analog inputs/outputs 
(YO-Y3- Z) can 


swing between 
VOO as a positive limit and VEE as a negative limit. VOO-VEE 
may not exceed 15 V. 


For operation 
as a digital multiplexer/demultiplexer, 
VEE is connected 
to VSS (typically ground!. 


Independent 
Inputs/Outputs 
Independent 
Inputs/Outputs 
Address Inputs 
Enable Input 
(Active 
LOW) 
Common Input/Output 


INPUTS 
CHANNELS 


E 
A1 
AO 
Yo-z 
Y,-Z 
Y2-Z 
Y3-Z 


L 
L 
L 
ON 
OFF 
OFF 
OFF 


L 
L 
H 
OFF 
ON 
OFF 
OFF 


L 
H 
L 
OFF 
OFF 
ON 
OFF 


L 
H 
H 
OFF 
OFF 
OFF 
ON 


H 
X 
X 
OFF 
OFF 
OFF 
OFF 


Pin 16 


Pin 8 
Pin 7 


Pin Number 


Ao Yo., Vla V2., V:u VOl,Vll, V2h V3h 


Al 
40526 


VDD = PIN 16 


VSS = PIN 
8 


VEE=PIN7 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Duel In-line Package. 


-- 
- 
- ---- 
------ 
-- 
---~- 
l""CO'""'O"' 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO - 10 V 
VOO=15V 
UNITS 
TEMP 
-- 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


- 
-- 
- -- 
- 


95 
900 
55 
380 
35 
210 
MIN 


100 
1000 
65 
500 
40 
280 
~I 
25"C 
I 
I 


ON 
XC 
125 
1100 
100 
600 
65 
340 
MAX 
i V" 
= VOO to VEE 
+---- 


RON 
Resistance 
90 
850 
50 
340 
30 
190 
I 


MIN 


I 


Note 2 


XM 
100 
1000 
65 
500 
40 
280 
!! 
25"C 


1150 
~ 
110 
660 
70 
370 
MAX_I 
- 
- 
I 
"A" 
ON ReSIst· 


C.RON 
ance Between Any 
25 
10 
5 I 
I 


!! 
25 C 
~>Jote 2 


Two 
Channels 
I 


OFF State 


----c-- 


XC 
800 
E = VOO, 


Leakage 


! 


VSS = VOOl2 


Current, 
All 
VIS = VOO or VEE 
XM 
80 
I 
I Vos = VEE or VOO 


IZ 
Channels 
OFF 
nA 
25 C 
~ 


Any 
XC 
E = VSS = VOO/2 


100 
VIS = VOD 
or VEE 
Channel 
XM 
10 
Vos = VEE or VOO 
OFF 


Quiescent 
20 
40 
80 
MIN,25 
C 
XC 
"A 
VSS = VEE 


Power 
150 
300 
600 
MAX 
100 
Supply 
10 
20 
MIN,25 
C 
All inputs at 


XM 
5 


"A 
VOO or VEE 
Dissipation 
150 
300 
600 
MAX 


• 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay·, 
25 
10 
6 
CL = 50 pF, RL = 200 kll 
ns 
E = VSS = VEE, 
tpHL 
Input to Output 
10 
6 
4 


tpLH 
Propagation 
Delay, 
170 
95 
80 
An or Vis = VOO or VEE 
ns 
tpHL 
Address 
to Output 
210 
125 
95 
Note 5 


tPZL 
185 
95 
75 
CL - 50 pF, RL - 1 kll 
Output 
Enable 
Time 
ns 
E or An = VSS = VEE 
tpZH 
205 
105 
85 


tPLZ 
1250 
1130 
1080 
Vis = VOO or VEE 


Output 
Disable Time 
ns 
tpHZ 
1240 
1120 
1070 
Note 5 


RL = 10 kll 


Distortion. 
Sine 
0.2 
0.2 
0.2 
% 


VSS = VOO/2, E = VEE, 


Wave Response 
Vis = VOO/2 
(sine wave)p-p 


fis = 1 kHz 


RL = 1 kll,E 
= VEE 


Crosstalk 
Between 
Vis = VOO/2 
Isine wavelp·p 


1 
MHz 
at -40 dB 
Any Two Chann~ls 
VSS = VOO/2, 
20 LaglO 


IVaslVisl 
= -40 d8 


RL = 1 kl!, 
VSS = VOO/2 


OFF State 
E = VOO 
1 
MHz 


Feedthrough 
Vis = VOO/2 
(sine wave) p-p 


20 Lag10 IVoslVisl 
= -40 dB 


RL = 1 kll, 
E = VSS 


ON State 
Vis = VOO/2 
(sine wavp.)p,p 
fMAX 
13 
40 
70 
MHz 
Frequency 
Response 
VSS = VOO/2 


20 Lag10 IVaslVas 
@ 1 kHz 


= -3 dB 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


2. 
E:c VSS.RL 
=- 
10 
kn, 
any 
channel 
selected 
and 
VSS 
= VEE 
or 
VOO/2. 
3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


4. 
Vis/Vos 
is the 
voltage 
signal 
at an 
Input/Output 
terminal 
(V n/Znl. 


5. 
VIN 
=- 
VOO 
(Square 
Wave), 
Input 
transition 
times 
IIii; 20 
ns 
6. 
In 
certain 
applications, 
the 
current 
through 
the 
external 
load 
resistor 
(RL) 
may 
include 
both 
VOO 
and 
signal 
line 
components. 
To avoid 


drawing 
VOO 
current 
when 
switch 
current 
flows 
into 
terminals 
1, 2, 4, 5, 11, 
12, 
14, or 
15 the 
voltage 
drop 
across the 
bidirectional 
switch 
must 
not 
exceed 
0.5 
V 
at 
T A 
IIii; 25°C, 
or 
0.3 
V 
at 
T A > 25°C. 
No 
VOO 
current 
will 
flow 
through 
R L 
If 
the 
switch 
current 
flows 
into 


terminals 
3 or 13. 


40538 
TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


DESCRIPTION 
- 
The 40538 
is a Triple 
2·Channel Analog 
Multiplexer/Demultiplexer 
with 
a common 


Enable Input lEI. Each Multiplexer/Demultiplexer 
has two Independent Inputs/Outputs 
(YO,V,!. 
a 
Common 
Input/Output 
(2). 
and a Select Input 
IS). Each multiplexer/demultiplexer 
contains two 
bidirectional 
analog switches, 
each with 
one side connected 
to an Independent 
Input/<2.utput 
(yO. Y,I 


and 
the 
other 
side 
connected 
to a Common 
Input/Output 
(Zl. 
With 
the 
Enable 
Input 
(El 
LOW, 
one 
of 


the 
two 
switches 
is selected 
liow 
impedance, 
ON 
state) 
by 
the 
Select 
Input 
(SI. 
With 
the 
Enable 
Input 


(E) 
HIGH, 
all switches 
are in the 
high 
impedance 
OFF 
state, 
independent 
of the Select 
Inputs 
(Sa-Sc). 


VOO and VSS are the two supply voltage connections 
for the Digital Control 
Inputs (Sa·Sc.EI. Their 


voltage limits 
are the same as for all other digital 
CMOS. The analog Inputs/Outputs 
(YO,Y1,Z) 
can 


swing between VOO as a positive limit 
and VEE as a negative limit. 
VDO·VEE may not exceed 15 V. 


For operation as a digital multiplexer/demultiplexer, 
VEE is connected to VSS (typically 
ground). 


PIN NAMES 


YOa-YOc- 
Yla-Ylc 
Sa-Sc 
E 


Za·Zc 


Independent Input/Outputs 


Select Inputs 


Enable Input (Active LOW) 


Common Input/Outputs 


INPUTS 
CHANNELS 


E 
I 
S 
Yo-Z 
Y,-Z 


L 
I 


L 
ON 
OFF 


L 
H 
OFF 
ON 


H 
X 
OFF 
OFF 


HIGH 
Level 


LOW 
Level 


Don't 
Care 


Pin 
16 


Pin 
8 


:z:: 
Pin 
7 


NOTE' 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In·line 
Package. 


• 


FUNCTIONAL 
LOGIC 
DIAGRAM 


I - OF 
6 
@@0800 
DECODER 
AND 
LEVEL 
BIDIRECTIONAL 


CONVERTER 
YO, 
Ylil 
YOb 
y 1h 
Yac 
Y'c 
ANALOG 
SWITCHES 


TG 
E 
@- Sa 
00 
@- Sb 
~TG 
E 
zeG) 


(9)- Sc 
01 


TG 
E 
0-0 
E 
°2 


TG 
E 
Zb@ 


°3 


TG 
E 


°4 


:TG 
E 
lae 


Os 
VDD" 
PIN 16 


VSSoPIN8 


VEE=PIN7 


"PIN 
NUM8E R 


DC CHARA,CTERISTlCS: 
VOO as shown, 
VEE = 0 V ISee Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
,VOO=5V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST 
CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


95 
900 
55 
3BO 
35 
210 
MIN 


XC 
100 
1000 
65 
500 
40 
280 
11 
25'C 


ON 
125 
1100 
100 
600 
65 
340 
MAX 
Vis = VOO to VEE 
RON 
Resistance 
90 
850 
50 
340 
30 
190 
MIN 
Note 2 


XM 
100 
1000 
65 
500 
40 
280 
II 
25'C 


150 
1150 
110 
660 
70 
370 
MAX 


"t1" 
ON Resist- 


llRON 
ance Between Any 
25 
10 
5 
11 
25'C 
Note 2 


Two 
Channels 


OFF State 
E = VOO, 
XC 
800 
Leakage 
VSS = VOO/2 


Current, 
All 
Vis = VOO or VEE 
XM 
80 
Vos = VEE or VOO 
IZ 
Channels 
OF F 
nA 
25'C 


Any 
- 


XC 
100 
E = VSS = VOO/2 
Channel 
XM 
Vis = VOO or VEE 
10 
Vos = VEE or VOO 
OFF 


Quiescent 
20 
40 
80 
MIN,25'C 
XC 
VSS = VEE 
Power 
150 
300 
600 
MAX 
'00 
Supply 
5 
10 
"A 
MIN, 
25'C 
All inputs 
at 
20 
XM 
o V or VOO 
Dissipation 
150 
300 
600 
MAX 


Notes are on the following 
page. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO - 10 V 
VDO-15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


--- 


RL =200 kn 
tpLH 
Propagat ion Delay. 
25 
10 
6 
CL = 50pF 
ns 
E=VSS=VEE. 
tPHL 
Input 
to Output 
10 
6 
4 


tpLH 
Propagation 
Delay. 
170 
95 
BO 
Sn or Vis = VOO or VEE 
ns 
tPHL 
Select 
to Output 
210 
125 
95 
Note 5 


tpZL 
185 
95 
75 
CL = 50 pF • RL - 1 kn 
Ou tpu tEnable 
Time 
ns 
E or Sn = VSS = V EE 
tpZH 
205 
105 
85 


tpLZ 
1250 
1130 
1080 
Vis = VOO or VEE 
Output 
Disable 
Time 
ns 
tPHZ 
1240 
1120 
1070 
Note 5 


RL = 10 kn 


Distortion, 
Sine 
0.2 
0.2 
0.2 
% 


VSS = VOO/2. 
E = VEE. 


Wave Response 
Vis = VOO/2 
(sine wavelp-p 


lis = 1 kHz 


RL = 1 kn 
E = VEE 


Crosstalk 
Between 
Vis = VOO/2 
(sine wave)p-p 


I 
1 
MHz 
at -40 dB 


Any Two Channels 
VSS = VOO/2. 
20 L0910 


(Vo.lVis) 
= -40 dB 


RL 
1 kn. 
VSS - VOO/2 


OFF 
State 
E = VOO 


Feedthrough 


1 
MHz 
Vis = VOO/2 
(sine wavelp-p 


20 L0910 (VoslVisl 
= -40 dB 


RL=l 
kn.E-VSS 


ON 
State 
Vis = VOO/2 
(sine wave)p-p 
fMAX 
13 
40 
70 
MHz 


Frequency 
Response 
VSS = VOO/2 


I 


20 L0910 (VoslVos 
@ 1 kHz) 


i 
= -3 dB 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
E - VSS. RL '" 10 kH. 
any channel 
selected 
and VSS = VEE or VOO/2. 
3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics 
. 
4. 
Vis/Vos 
is the voltage 
signal 
at an I nput/Output 
terminal 
(Y n/Znl. 


5. 
VIN 
0: 
VOO 
(Square 
Wave), 
Input 
transition 
times 
:lO;; 20 ns, 


6. 
In 
certain 
applications. 
the 
current 
through 
the 
external 
load 
resistor 
(RLI 
may 
include 
both 
VOO 
and 
signal 
line 
components. 
To avoid 
drawing 
VOO 
current 
when 
switch 
current 
flows 
into 
terminals 
1, 2, 
3, 5, 
12, 
or 
13 the voltage 
drop 
across the 
bidirectional 
switch 
must 
not 
exceed 
0.5 
V at 
T A 
:lO;; 25"C, 
or 
0.3 
V at 
T A> 
25°C. 
No VOO 
current 
will 
flow 
through 
RL 
if the 
switch 
current 
flows 
into 
terminals 
4, 
14, or 
15. 
• 


QUOOD 


QUAD BILATERAL SWITCHES 


DESCRIPTION 
- 
The 
40668 
has 
four 
independent 
bilateral 
analog 
switches 
(transmission 
gates). 
Each switch 
has two 
Input/Output 
Terminals 
(Vn' 
Zn1 and an active 
HIGH 
Enable 
Input 
(Enl. 
A 


HIGH 
on 
the 
Enable 
Input 
establishes 
a low 
impedance 
bidirectional 
path 
between 
Y nand 
Zn 
(ON 
condition), 
A 
LOW 
on 
the 
Enable 
Input 
disables 
the 
switch; 
high 
impedance 
between 
Ynand 
Zn 
(OFF 
condition!. 


Enable Inputs 
Input/Output 
Terminals 


Input/Output 
Terminals 


Voo ""Pin 
14 


VSS"'Pin7 


o = 
PIn Numbers 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(ConnectIon 
Diagram) 
as the 


Dual 
I n-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
_ 
Voo 
= 5 V 
VOO=10V 
VOO = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


190 
900 
100 
450 
80 
250 
MIN 


270 
1000 
120 
500 
BO 
280 
l! 
25'C 
En = VOO 


ON 
XC 
330 
11090 
170 
520 
130 
300 
MAX 
RL = 
10kf1 
to 


RON 
ReSIstance 
160 
850 
85 
400 
60 
220 
MIN. 
VOO/2 


I 


XM 
1 270 
1000 
120 
500 
80 
280 
l! 
25'C 
Vis = VOO to VSS 


360 
1150 
190 
550 
145 
320 
MAX 


"~" 
ON Resist- 
En = VOO 


.:>RON 
ance Between 
Any 
25 
10 
5 
l! 
25'C 
RL = 10 kf1 toVoo 


Two 
Channels 
Vis = VOO or VSS 


OFF State 
±300 
MIN,25'C 


XC 
En = VSS 
Leakage 
±1000 
MAX 
IZ 
Current 
I 
±100 
MIN,25'C 
Vis = VOO or VSS 


XIII' 
Vos = VSS or VOO 
±1000 
nA 
MAX 


I 


Quiescent 
1 
2 
4 
MIN,25'C 
XC 
,..A 
All inputs 
at 
Power 
7.5 
15 
30 
MAX 
100 
Supply 
0.25 
MIN,25'C 
VOO or VSS 
0.5 
1 


I Dissipation 
XM 
,..A 
7.5 
15 
30 
MAX 


• 


- 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD= 
15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL = 50 pF, 
RL = 20011to 
VSS 


tPLH 
Propagation 
Delay. 
8 
45 
3 
30 
2 
20 
Input Transition 
Times ~ 20 ns 
ns 
tpHL 
Yn to Zn or Zn to Y n 
8 
45 
4 
30 
2 
20 
En = VDD 


V's 
-= VOO (square wave) 


tpZL 
32 
125 
16 
60 
13 
50 
CL-- 
50 pF. 


Output 
Enable 
Time 
ns 
R L = 1 kll 
to VSS or VDD 
tpZH 
32 
125 
16 
60 
13 
50 


380 
380 
400 
En = VOD 
(square 
wave) 
tPLZ 
Output 
Disable 
Time 
ns 
Input Transition 
Times"; 
20 ns 
tpHZ 
380 
380 
400 
V" 
= VDD or VSS 


RL-10kl! 


Distortion, 
Sine 
Input 
Frequency 
=- 1 kHz 
0.4 
0.4 
0.4 


I 


% 
Wave Response 
En = VDD 


VIS = VOO/2 
(sine wave) p-p 


RL 
1 kll 


Crosstalk 
Between 
EA = VDD. 
EB = VSS 


0.9 
MHz 
VIS 
= VOO/2 
(sine wavel 
p-p 
Any Two Switches 
20 L0910 


{Vos IBIIV;s 
(All 
= -50 dB 


I 


Input Transition 
Times c 20 ns 


Crosstalk, 
Enable 
50 
R LlOUTI 
= 1 kll 


I 


mV 


Input to Output 
RLIINI 
= 50 l! 


, En = VOO (square wave) 


OFF State 
I R L - 1 kl!. 
En - VSS 


1.25 
MHz 
V's 
= VOO/2 
(sine 
wavel 
p-p 
Feedthrough 


i 
20 L0910 IVoslV,,1 
= -50 dB 


I 
AL 
= 1 kU 


ON State 
VIS 
= VOO/2 
(slOe 
wave) 
p-p 
40 
MHz 


En = VDD. 
20 L0910 
Frequency 
Response 


(Vos Vos@ , kHz I = -3 dB 


CL - 50pF. 
RL - 1 kl! 


Enable Input 
Input 
TranSitIon 
Times 
"'--20 
ns 


fMAX 
10 
MHz 
En = Vao (square wave) 
Frequency 
(Note 4) 
Vos= V;s/2 
at DC 


V" 
= VDD 


Cis 
Input Switch 
4 
pF 
Capacitance 
VOD = 10 V 


Output 
Switch 
En = VSS 


Cos 
4 
pF 
VIS 
= Open 
Capacitance 
100 kHz 
or 


Cios 
Feedthrough 
Switch 


I 


0.2 
pF 
11 MHz 
Bridge 
Capacitance 


NOTES: 


1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
4000B 
Series CMOS 
Family 
Characteristics. 
2. 
Vis/Vos 
is the voltage 
signal at an I nput/Output 
Terminal 
(Y n/Znl. 


3. 
Propagation 
Delays 
and Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
4. 
For fMAX, 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and less than 
or equal 
to 20 ns. 


5. 
In certain 
applications, 
the 
current 
through 
the 
external 
lOad resistor 
(ALl 
may 
include 
both 
VDO 
and 
signal 
line 
components. 
To avoid 
drawing 
VOO 
current 
when 
switch 
current 
flows 
into 
terminals 
1, 4, 8, or 
11 the 
voltage 
drop 
across 
the 
bidirectional 
switch 
must 
not 
exceed 
0.5 
V at T A';;; 
25°C, 
or 
0.3 
V at 
T A> 
2SoC. 
No VOO 
current 
will 
flow 
through 
AL 
if the switch 
current 
flows 
into 
terminals 
2, 3, 


9, or 10. 


40678 
16-eHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


DESCRIPTION 
- 
The 40678 
is a 16-Channel 
Analog Multiplexer/Demultiplexer 
with four Address 
Inputs 
(AO·A31. 16 Independent 
Inputs/Outputs 
(YO·y 15)' an active LOW Output 
Enable input (EOl. 


and a Common 
Input/Output 
(Z). 
The 40678 
contains 
16 bidirectional 
analog switches, 
each with 
one 


side connected 
to an Independent 
Input/Output 
(YO·Y15) 
and the other 
side connected 
to a Common 
Input/Output 
(2). 
One of the 16 switches is selected (low impedance, 
ON state) by the four Address 
Inputs 
(AO·A3) when the Output 
Enable input 
(EO) is LOW. All unselected 
switches are in the high 
impedance 
OFF 
state. With 
the Output 
Enable input 
(EO) 
HIGH, 
all 16 switches are in the high 
impedance 
OFF 
state. 
The 
Analog 
Input/Outputs 
(Yo-Y15,Z) 
can swing between 
VOO and VSS. 
VOO·VSS may not exceed 15 V. 


• 
ANALOG OR DIGITAL 
MULTIPLEXER/DEMULTIPLEXER 
• 
24·PIN PACKAGE 
• 
SINGLE POWER SUPPL Y 


PIN NAMES 


YO-Y15 


AO-A3 
Z 


Independent 
Inputs/Outputs 


Address Inputs 


Common 
Input/Output 


Output 
Enable 
Input 
(Active 
LOW) 


NOTE: 
The 
Flatpak 
versioh 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-line 
Package. • 


INPUTS 
CHANNEL 


A3 
A2 
Al 
AO 
yo-Z 
Yl-Z 
Y2-Z 
Y3-Z 
Y4-Z 
Ys-Z 
Y6-Z 
Y7-Z 
YS-Z 
Yg-Z 
YlO-Z 
Yl1-Z 
Y12-Z 
Y13·Z 
Y14-Z 
Y15-Z 


L 
L 
L 
L 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


L 
L 
L 
H 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


L 
L 
H 
L 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


L 
L 
H 
H 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


L 
H 
L 
L 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 


L 
H 
L 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
L 
H 
H 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
L 
H 
H 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
H 
L 
L 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
H 
L 
L 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
H 
L 
H 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
OFF 
H 
L 
H 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
OFF 
H 
H 
L 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
H 
H 
L 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
H 
H 
H 
L 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
H 
H 
H 
H 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
ON 


@@@@~~~~~0~®~0~® 


Y'SY14Y13Y12Y'1Y'0 
Yg 
Y8 
Y7 
Y6 
YS 
Y4 
Y3 
Y2 
Y, 
Yo 


81-DIRECTIONAL 
ANALOG 
SWITCHES 


@ 
TG 
E 
1- 


-~ 
AO 
°0 


@ 
----4TG 
E 
~ 
~ 
Al 
0, 


@ 
TG 
E 
~ 
~ 
A2 
°2 
@ 


TG 
E 
..:::- 
A3 
°3 
CD 


TG 
E 


-~ 


°4 


TG 
E 
I- 


Os 


TG 
E 
I- 


°6 


TG 
E 
l-- 


°7 


TG 
E 
I- 


°8 
ITG 
E 
~ 


Og 


TG 
E 
~ 


°10 


TG 
E 
I- 


:::-C 
EO 
°1' 
® 
ITG 
~ 
E 


°12 


TG 
E 
~ 


°13 


TG 
E 
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°14 


TG 
E 
1- 


°1S 


10F16 
DECODER 
AND 
LEVEL 
CONVERTER 


Voo 
= Pin 24 


VSS 
= Pin 12 
o 
:::Pin Number 


DC CHARACTERISTICS: 
VOO as shown, 
VSS = 0 V (See Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


95 
900 
55 
380 
35 
210 
MIN 


XC 
100 
1000 
65 
500 
40 
280 
n 
25°C 


ON 
125 
1100 
100 
600 
65 
340 
MAX 
Vis = VOO to VSS 
RON 
Resistance 
90 
850 
50 
340 
30 
190 
MIN 
Note 2 


XM 
100 
1000 
65 
500 
40 
280 
n 
25°C 


150 
1150 
110 
660 
70 
370 
MAX 
"t;" ON Resist- 


ilRON 
ance Between 
Any 
25 
10 
5 
n 
25°C 
Note 2 


Two 
Channels 


OFF State 
EO = VOO 
XC 
800 
Leakage 
Vis= VOO or VSS 
Current, All 
XM 
80 
Vos = VSS or VOO 
IZ 
Channels 
OF F 
nA 
25°C 


Any 
EO = VSS 
XC 
100 
Vis = VOO or VSS 
Channel 
XM 
10 
Vos = VSS or VOO 
OFF 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
I'A 
Power 
150 
300 
600 
MAX 
All Inputs at 
100 
Supply 
5 
10 
20 
MIN,25°C 
o V or VOO 
XM 
I'A 
Dissipation 
150 
300 
600 
MAX 


Notes 
on following 
page. 
• 


LIMITS 


SYMBOL 
PAAAMETEA 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation Delay, 
25 
10 
6 
CL = 50 pF, AL = 200kf1 


6 
4 
ns 


EO = VSS 
tPHL 
Input 
to Output 
10 


tpLH 
Propagation Delay, 
170 
95 
80 
An or Vis = VOO or VSS 
ns 
tPHL 
Address 
to Output 
210 
125 
95 
Note 
5 


tpZL 
185 
95 
75 
CL - 50 pF, A L @ 1 kf1 
Output 
Enable Time 
205 
ns 


EO or An = VSS 
tpZH 
105 
85 


tpLZ 
1250 
1130 
1080 
Vis = VDD 
or VSS 
Output 
Disable Time 
ns 
tpHZ 
1240 
1120 
1070 
Note 5 


AL=10kf1, 


Distortion, 
Sine 
0.2 
0.2 


EO = VSS 
0.2 
% 
Wave 
Response 
Vis = VOO/2 
(sine wave) P-P 


tis = 1 kHz 


AL = 1 kf1, EO = VSS 


Crosstalk 
Between 
Vis = V0012 
(sine wave)p·p 


1 
MHz 
at -40 dB 
Any 
Two Channels 
20 LOY10 


IVos/Visl 
= -40 dB 


OFF State 
AL = 1 kf1, EO = VDD 


1 
MHz 
Vis = VDD/2 
Isine wavel pop 
Feedthrough 
20 L0910 
IVos/Vis) 
= -40 dB 


ON State 
AL = 1 kf1, EO = VSS 


'MAX 
13 
40 
70 
MHz 
Vis = VOO/2 
(sine wave) pop 


Frequency 
Response 
20 L0910 IVos/V os @ 1 kHz) 


= -3 dB 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
4000B 
Series CMOS 
Family 
Characteristics. 


2. 
EO:: Vss. 
RL:: 
10 kf!, 
any channel 
selected. 
3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


4. 
Vis/Vos 
is the 
voltage 
signal 
at an Input/Output 
terminal 
(V n/Znl. 


5. 
VIN'" 
VOO 
(Square 
Wave), 
Input 
transition 
times 
~ 20 ns. 
6. 
In certain 
applications, 
the 
current 
through 
the 
external 
load 
resistor 
(RLl 
may 
include 
both 
VOO 
and 
signal 
line 
components. 
To avoid 


drawing 
VOO 
current 
when 
switch 
current 
flows 
into 
terminals 
2.3,4,5.6,7,8,9, 
16, 
17, 
18, 
19,20,21,22, 
or 23 
the 
voltage 
drop 
across 
the 
bidirectional 
switch 
must 
not 
exceed 
0.5 
V at 
T A ~ 25°C, 
or 0.3 
Vat 
T A> 
25°C. 
No VOO 
current 
will 
flow 
through 
RL 
if the 
switch 
current 
flows 
into 
terminal 
1. 


40688 


8-1NPUT NAN D GATE 


DESCRIPTION 
- 
This CMOS logic element provides the positive 8·lnput 
NAND 
function. 
The outputs 
are fully 
buffered 
for 
highest noise 


immunity 
and pattern 
insensitivity 
of output 
impedance. 


4068B 


Z@ 


NAND 
Gate 


Inputs 
Output 


(Active 
LOW) 


NOTE: 
The Flatpak version 
has the same pinouts 
(Connection 
Dia- 


gram) 
8$ the 
Dual 
In~line Package. 


Voo"" 
Pin 
14 


VSS 
"" Pin 
7 


NC 
= Pins 1, 6, 8 


DC CHARACTERISTICS: 
VDD 
as shown, VSS = 0 V 
(See Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
- 5V 
VDD=10V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2' 
4 
MIN,25°C 


XC 
jJA 
All inputs 
at 0 V 
Power 
7.5 
15 
30 
MAX 


IDD 
Supply 
0.25 
0.5 
1 
MIN,25°C 
orVDD 


XM 
jJA 
Current 
7.5 
15 
30 
MAX 


AC CHARACTERISTICS: 
VDD as shown, VSS = 0 V, TA = 25°C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
B2 
200 
40 
85 
29 
68 
ns 
CL = 50 pF, 
Propagation 
Delay 
tpHL 
88 
200 
40 
85 
28 
68 
ns 
RL = 200 kl1 


tTLH 
64 
135 
32 
70 
24 
45 
Input Transition 
Output Transition Time 
ns 
tTHL 
55 
135 
23 
7p 
16 
45 
Times""; 20 ns 


NOTE: 
t. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
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INPUT FREQUENCV- HI 
TA - AMBIENT TEPoiIPERATURE 
-"C 
CL - LOAD CAPACITANCE - pF 


• 


4069U 8/74C04/54C04 
HEX INVERTER 


DESCRIPTION 
- 
The 4069UB 
is a general 
purpose 
Hex 
Inverter 
which 
has standard 
Fairchild 
input 
and output 
characteristics. 
A single-stage 
design has been used since the output 
impedance 
of a single-input 
gate is not pattern 
sensitive. 
The 
4096UB 
is a Direct 
Replacement 
for the 


74C04J54C04. 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 
XC 
pA 
Power 
7.5 
15 
30 
MAX 
All inputs at 
100 
Supply 
0.25 
0,5 
1 
MIN,25'C 
OVorVoo 


XM 
pA 
Current 
7,5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
32 
64 
16 
32 
13 
26 
CL = 50 pF, 


Propagation 
Delay 
ns 


tPHL 
32 
64 
16 
32 
13 
26 
RL=200kn 


tTLH 
45 
135 
23 
70 
18 
45 
Input Transition 
Output 
Transition 
Time 
ns 
tTHL 
45 
135 
23 
70 
18 
45 
Times lIi; 20 ns 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


TYPICAL 
POWER DISSIPATION 
PROPAGATION 
DELAY 


;;: 
VERSUS FREQUENCY 
VERSUS TEMPERATURE 
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INPUT FREQUENCY - Hz 
TA - 
AMBIENT TEMPERATURE - 
°C 


PROPAGATION 
DELAY 
OUTPUT TRANSITION 
TIME 
VERSUS LOAD CAPACITANCE 
VERSUS LOAD CAPACITANCE 
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TYPICAL 
VOLTAGE 
TRANSFER 
CHARACTERISTICS 
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40708/74C86/54C86 


QUAD EXCLUSIVE-OR-GATE 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 


pinout 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


DC CHARACTERISTICS: 
VDD 
as shown. 
VSS = a v (See Note 
11 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 
25°C 


XC 
15 
30 
~A 
-All inputs 
at 0 V 
Power 
7.5 
MAX 
orVDD 
100 
Supply 
d.25 
0,5 
1 
MIN. 
25°C 
XM 
~A 
Current 
7,5 
15 
30 
MAX 


AC CHARACTERISTICS: 
VOO as shown, 
VSS = 0 V, T A = 25°C 
(See NOI. 2) 


LIMITS 


SYMBOL 
PARAMETER 
VOD 
= 5V 
VDO 
= 10V 
VOD=15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'pLH 
Propagation 
Delay. 
85 
170 
45 
90 
27 
72 
ns 
CL~50pF. 


tpHL 
AorBtoX 
85 
170 
45 
90 
27 
72 
ns 
RL=200kn 


tTLH 
Output 
Transition 
50 
100 
23 
50 
17 
35 
ns 
Input Transition 


'THL 
Time 
50 
100 
23 
50 
17 
35 
ns 
Times" 
20 ns 


NOTES' 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER 
DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS 
FREQUENCY 
~ 
VERSUS 
TEMPERATURE 
~ 
VERSUS 
LOAO 
CAPACITANCE 
E 1000 
I 
100 
Cl~15pF 
I 


I 
140 


I 
fA = 2~"C 
II 
IY. 
> 
> 
fA : 25"C 


w 
, 
~ 
90 
I 
I 
I 
~ 120 
0 
100 
1J/7 
;l 
VDD=10V~ 
~1' 


0 
80 


I"OOo'~ j:::::;~ 
0 
u 
z 
Z 
100 
.' 
~ 
10 
"DO ;1'5'1 
~ 
? 
0 
70 
0 
~ 
"~: 
;: 
I 
;: 
0: 
~ 
60 
~ 
~ 1.0 
~ 
I;Y 
0 
l...- 
I 
0 
80 
z 
y.~ 
~ 
50 


r 
~ 
./ 


210-1 
0 
~ 
80 
:c 
-;;~,V 
if 
40 
I 
_,o~ 
"100" 
10'1 
l- 
!!: 10-2 
.••• ••• 
-', 
~ 
30 
~ 
40 
voD - 


; 
0y~YDD:5V 
U 
I 
--L 
u 
-C:: ~ 
~ 


20 
'100,,'5'1- 
~ 
~10-3::,/' 
IIII 
CL==16pF- 
10 -r 
20 
I 
~ 
,I" 
I 
'il 
CL~'OpF 
__ 
1 
I 
, 
I 
I 


1 


lr: 10-~02 
103 
104 
106 
106 
107 
f 
?60.40-20 
0 
20 40 
60 80100120140 
or 
00 
20 
40 
80 
80 
100 120'40 
180 
.. 


INPUT FREQUENCY 
- 
Hz 
TA - 
AMBIENT 
TEMPERATURE 
_ 
°C 
Cl 
- 
LOAD CAPACITANCE 
- 
pF 


40718 
QUAD 2-INPUT OR GATE 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


DC 
CHARACTERISTICS: 
VOO as shown, 
VSS = a v (See Note 
11 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-10V 
'100 - 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 
All 
inputs 
at 0 V 
XC 
~A 
Power 
7.5 
15 
30 
MAX 
orVOO 
'00 
Supply 
0.25 
0.5 
1 
MIN,25°C 
XM 
30 
~A 
Current 
7.5 
15 
MAX 


AC CHARACTERISTICS: 
VOO as shown, 
VSS = 0 V, TA 
= 25'C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO 
= 10V 
VOO=15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay 
43 
85 
22 
40 
17 
32 
ns 
CL = 50 pF. 


tpHL 
52 
100 
23 
40 
15 
32 
ns 
RL = 200 kfl 


tTLH 
Output 
Transition 
Time 
45 
135 
24 
70 
18 
45 
ns 
Input 
Transition 


tTHL 
54 
135 
21 
70 
15 
45 
ns 
Times <; 20 ns 


NOTES' 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER 
DISSIPATION 
PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


~1000 
VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 


T~'~ 


2·~11 
IIIv~~~I~.lv 
~ eo 
Cl~15pf 
~ "0 


I 
I 
TA:: 250C 
100 
I 
70 
I 
'20 
•. 
~Jl:~: 
IJ \'. ~ ~ 


> 
" 
I 
~ 
b~-- 


.. 
60 
~ 
" 
'0 
'00 
u 
0 
0 
: 
v 
z 
.0 
z 
.,00 
~ 
1.0- 
0 
0 
eo 


~; 
- 
~o\~ 5V 
;:: 
;:: 
M« 
.. 
.0 
tPLH' tPHl 
"DO 
=' 5 V ;:::;-- 
.. 
..•~ 
"Oo=' 


~10-1 
r'- 
" 
" 
60 
- 
Y-- VDD~JUIII 
: 
: 
~ 
.L 
}'0~ 
;:: 
0 
30 " 


tplH, tPHl-·tOJ 
'",10 v 
~ 
/' 
f 10-2 
- VDD;I,IJ'VJ Iljll.ll 
::' 
20 
40 
~V ~ 
iii 
-r-- 
;;i 
WL\''''W 
is 10-3 
.. 


III 
III1 CL=15pF- 
u 
'0 
tpLH· tpHl -~DI= '15 VI-r-- 
u 
20 
-,,00='6 


1 
- 


" 
" 
f- 
tPU" tPtL I' 'I 
'" 


11 
Cl=50pF--- 
~ 
~ 
w 10-4 
0 
0 
~ 
102 
'03 
10' 
'0· 
106 
'07 
-60 
-20 
20 
60 80 100,20,..0 
0 
20 
40 
60 
80 100 120 140 160 


INPUT FREQUENCY 
- 
Hz 
-'0 
0 
40 


TA - 
AMBIENT 
TEMPERATURE 
- 
°C 
Cl 
- 
LOAD CAPACITANCE 
- 
pF 


• 


40728 
DUAL 4-INPUT OR GATE 


LIMITS 


SYMBOL 
PARAMETEF.\ 
VOO - 5 V 
VOO-10 
V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2· 
4 
MIN,25°C 
XC 
IlA 
Power 
7.5 
15 
30 
MAX 
All inputs 
at 
100 
Supply 
0.25 
0,5 
1 
MIN,25°C 
OVorVOO 
XM 
IlA 
Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay 
65 
30 
20 
CL=50pF, 
ns 
tPHL 
65 
30 
20 
RL = 200 kn 


tTLH 
70 
35 
30 
Input Transition 
Output 
Transition 
Time 
ns 
'THL 
70 
35 
30 
Times 
•• 20 ns 


NOTES, 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


40738 
TRIPLE 3-INPUT AND GATE 


DESCRIPTION 
- 
This 
CMOS logic 
element 
provides 
the positive 
Triple 
3-lnput 
AND 
function. 
The outputs 
are fully 
buffered 
for 
highest 


noise immunity 
and pattern 
insensitivity 
of output 
impedance. 


• 


LIMITS 


SYMBOL 
PARAMETER 
VOO =5 
V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 25°C 
XC 
IlA 
Power 
7.5 
15 
30 
MAX 
All inputs 
at 
100 
Supply 
0.25 
0.5 
1 
MIN. 
25°C 
o Vor 
VOO 
XM 
IlA 
Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
40 
110 
19 
55 
14 
44 
CL=50pF, 


Propagation 
Delay 
ns 
tpHL 
44 
110 
26 
55 
21 
44 
RL =200 
kfl 


tTLH 
70 
135 
35 
75 
25 
45 
Input Transition 
Output 
Transition 
Time 
ns 
tTHL 
70 
135 
35 
75 
25 
45 
Times'" 20 ns 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


40758 
TRIPLE 3-INPUT OR GATE 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25 


QC 
XC 
~A 


Power 
7.5 
15 
30 
MAX 
All Inputs at 


100 
Supply 
0.25 
0.5 
1 
MIN,25 


QC 
o V or VOO 
XM 
~A 


Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'PLH 
59 
130 
34 
65 
28 
50 
CL = 50 pF, 


Propagation Delay 
ns 


'pHL 
62 
130 
30 
65 
24 
50 
RL = 200 kn 


'TLH 
70 
135 
35 
75 
25 
35 
Input Transition 
Output 
Transition 
Time 
ns 
'THL 
70 
135 
35 
75 
25 
35 
Times'" 20 ns 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
In 
thiS 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


40768/74C173/S4C173 


QUAD D FLIP-FLOP WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 4076B 
is a Quad Edge-Triggered ° Flip-Flop 
with 
four 
Data Inputs 
100-031, 
two active 
LOW 
Data Enable Inputs (EDO-eOll. 
an edge-triggered Clock Input 
(CPI, four 3-State Out- 
puts 
lOo·03l. 
two 
active 
LOW Output 
Enable inputs lEOQ. E61 I, and an overriding 
asynchronous 
Master Reset Input 
(MRI. 


Inforrnation 
on the Data Inputs 
loo-03) 
IS stored in the four 
flip-flops 
on the LOW-fO-HIGH 
transi- 


tion of the Clock 
Input 
(CPI If both Data Enable Inputs (EDQ-ED,l 
are LOW. A HIGH on either Data 
Enable Input 
l-EDO-EO,) 
prevents the 
flip·flops 
from changing on the LOW-la-HIGH 
transition 
of 
the Clock Input 
(CPl, 
independent of the InformatIOn 
on the Data Inputs (00-°3). 


When both Output 
Enable lnput~ 
(EOO-E5"1) are LOW, the contents of the four 
flip·flops 
are available 
at the outputs 
(00·03). 
A HIGH 
on either Output 
Enable input (EL5Q, EO,) 
forces the 
outputs 
(00· 


03l 
into the high Impedance OF'F state. 


A HIGH on the overriding 
asynchronous 
Master Reset Input 
(MRl 
resetsall four 
flip-flops, 
indepedent 


of iJll other Input condItions. 


• 
FULLY 
INDEPENDENT 
CLOCK 


• 
3-STATE 
OUTPUTS 


• 
CLOCK 
IS L - 
HEDGE-TRIGGERED 


• 
ACTIVE 
LOW DATA 
ENABLE 
INPUTS 


• 
ACTIVE 
LOW OUTPUT 
ENABLE 
INPUTS 


• 
ASYNCHRONOUS 
MASTER 
RESET 


PIN NAMES 


00-03 
EDO-ED, 


EQO, ED, 
CP 


MR 


QO-Q3 


Data Inputs 
Data Enable Inputs (Active 
LOW) 


Output 
Enable Inputs (Active 
LOW) 
Clock Input 
/L -. 
H Edge·Triggered) 


Master Reset Input 
Data Outputs 


INPUTS 
QUTPUTS 


EDO 
ED, 
On 
On+l 


H 
X 
X 
Qn 


X 
H 
X 
Qn 


L 
L 
L 
L 


L 
L 
H 
H 


CONDITIONS- 


MR = EOO = EO, 
= LOW 


L 
= LQW Level 


H 
= HIGH 
Level 


X 
= Don't 
Care 


Qn+l 
= State After 
Positive Clock Transition 


• 


NOTE: 
The 
Flatpak 
version 
has the same pin- 


outs 
(Connection 
Diagram) 
as 
the 
Dual 
I n-line 
Package. 


I 


I 
LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
OFF 
1.6 
MIN. 
25°C 
Output 
returned to 
'OZH 
XC 
IJA 
E01 = EOO = 
Cu rren tHigh 
12 
MAX 
VDD- 
- 


0.4 
MIN,25OC 
VDD 
XM 


12 
MAX 


Output 
OFF 
-1.6 
MIN,25°C 
'OZL 
XC 
IJA 
Current 
LOW 
-12 
MAX 
Output 
returned to 


-0.4 
MIN,25°C 
VSS' E01 = EOO = 
XM 


-12 
MAX 
VDD 


QUiescent 
20 
40 
80 
MIN,25OC 


XC 
IJA 
Power 
150 
300 
600 
MAX 
All inputs at 0 V or 
IDD 
Supply 
5 
10 
10 
MIN,25 
C 
VDD 
XM 
IJA 


Current 
150 
300 
600 
MAX 


- - 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, 
70 
35 
25 
ns 
CL=5QpF, 


tpHL 
CP to On 
70 
35 
25 
ns 
RL =200kn 


Propagation 
Delay 
Input 
Transition 


tpHL 
MR to On 
80 
40 
25 
ns 
Times ~20 ns 


tpZH 
Output 
Enable 
95 
50 
35 
ns 
(RL = 1 kn 
to VSS) 


tpZL 
Time 
95 
50 
35 
ns 
(RL = 1 kn 
to VDDI 
-- - 
-- --- 
-- 


tpHZ 
Output 
Disable 
95 
50 
35 
ns 
(RL = 1 kn 
to VSS) 


tpLZ 
Time 
95 
50 
35 
ns 
(RL =1 
kntoVDDI 
--- 
- 


tTLH 
Output 
Transition 
65 
70 
15 
ns 


tTHL 
Time 
65 
70 
15 
ns 


t:CPILI 
Minimum 
Clock 
Pulse Width 
25 
10 
8 
ns 
- 
twMRIHI 
Minimum 
MR 
Pulse 
Width 
35 
20 
15 
ns 


tree 
MR Recovery 
Ti ~e 
6 
5 
2 
ns 


Set-Up 
Time, 
On to CP 
-- 


1 
1 
0 
ts 
ns 


th 
j Hold- Time, 
On to CP 
10 
2 
2 
ns 
- 
ts 
Set·Up Time, 
EDn to CP 
50 
20 
15 
ns 


th 
~ Hol~-Time._EDn~ 
C_P 
___ 
2 
1 
1 
ns 


'MAX 
Maximum 
Clock Frequency 
9 
16 
19 
MHz 


(Note 31 
I 


• 


NOTES, 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically-described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It is recommended 
that 
input 
rise and 
fall 
times 
to the 
Clock 
Input 
be less than 
15 Jls at V DO 
:z: 5 V. 
4 IJ.sat V DO 
:: 20 
V. 
and 
3 JlS at 


VDD::15V. 


MINIMUM 
PULSE WIDTHS 
FOR CP AND 
MR. 
MR RECOVERY 
TIME. 
AND SET-UP AND 
HOLD-TIMES. 
ON TO CP 


~{''} 


50 
50 


SET-UP AND 
HOLD-TIMES 
EON TO CP 


40778 
QUAD EXCLUSIVE-NOR GATE 


DESCRIPTION 
- 
The 
40778 
CMOS 
logic element 
provides 
the Exclusive-NOR 
function. 
The outputs 
are fully 
buffered 
for best performance. 


The 4077B 
may be used interchangeably 
for the 4811. 


NOTE: 


The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In·line 
Package. 


VDD 
= 5 V 


MIN 
TYP 
MAX 


DC CHARACTERISTICS: 
VDD as shown. 
VSS = 0 V (See Note 
1) 


LIMITS 


VDD = 10V 


MIN 
TYP 
MAX 


VDD=15V 


MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 
25°C 
All inputs 
at 0 V 
XC 
~A 
Power 
7.5 
15 
30 
MAX 
orVDD 
'DD 
Supply 
0.25 
0.5 
1 
MIN. 
25°C 
XM 
~A 
Current 
7.5 
15 
30 
MAX 


LIMITS 
• 


SYMBOL 
PARAMETER 
VDD 
= 5V 
VDD 
= 10V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, 
55 
110 
27 
55 
17 
44 
ns 
CL=50pF. 


'P'" 
A or B to X 
65 
130 
27 
55 
20 
44 
ns 
RL = 200 kn 


tTLH 
Output 
Transition 
53 
100 
20 
50 
15 
35 
ns 
Input Transition 


'THL 
Time 
53 
100 
20 
50 
15 
35 
ns 
Times" 20 ns 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


POWER DISSIPATION 
~ 
VERSUS 
FREQUENCY 
E 1000 
l 
TA02~'C 
1'1' 
'II' 


~ 
100 
VOO=10~~~ 
;' 


u 
10 
:: 
VOO=15V 
' 
~ 
'?' 


~ 
1.0 
,d!1 ,;:rr 


~ 
10- 


1 
,,.~~'/' 
; I 


!!: 10-2 


~ 
-3~~ 
Voo 


o5V 
III 


C[ 10 V 
'f 
:~t 
Cl=15pf- 
; 
10-4 
II 
1111 
Cl=50pF 
__ 
2 
102 
103 
104 
105 
101 
107 


INPUT FREQUENCY 
- 
Hz 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS 
TEMPERATURE 
~ 
VERSUS 
LOAD 
CAPACITANCE 


I 
100 
Cl"lSpF 
I 
I 
I 
140 
> 
> 
TA "26°C 
~ 
90 
I 
I 
I- 
~ 120 


0 
80 


I~oo 
0 S'::-I-- 


0 
1J./:7 
z 
70 
z 
100 
." 
0 
0 
&1 
;:: 
I...- 
;:: 
" 
50 
" 
80 
el 
-- 
el 
: 
50 
: 
V 
0 
0 
50 
if 
40 
a: 
')00:: ,o'J 
'JoO" 
10V 
.. 
- 
~ 30 
~ 
40 
u 
u 
--:::::~ 
~ 
20 
von" 
16'J 
ii:~ 
20 


I 
10 
I 


I 
~ 
C?60-40-20 0 
00 
! 
20 40 
6080100120140 
! 
20 
40 
50 
80 
100 120140 
110 


TA - 
AMBIENT TEMPERATURE _ °C 
Cl - 
LOAD CAPACITANCE - 
pF 


7-133 


40788 


8-1NPUT NOR GATE 


Voo 
= Pin 
14 


VSS 
= Pin 
7 


NC 
= Pins 
1, 6. 8 


PIN NAMES 
10-17 
Z 


NOTE: 
The 
F latpak 
version 
has. the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-line 
Package. 


I 
DC 
CHARACTERISTICS: 
VOO as shown. 
VSS 
= 0 V (See Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO = 15 V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 
25°C 
XC 
7.5 
30 
~A 
All inputs 
at 0 V 
Power 
15 
MAX 
100 
Supply 
0.25 
0.5 
1 
MIN. 
25°C 


orVOO 


XM 
7.5 
30 
~A 
Current 
15 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5 V 
VOO=10V 
VOO 
= 15 V 
UNITS 
TEST 
CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay 
108 
200 
46 
85 
34 
68 
ns 
CL =50r,F. 


tpHL 
129 
200 
50 
85 
35 
68 
ns 
RL=20Lkl1 


'TLH 
Output 
Transition 
76 
135 
39 
70 
30 
45 
ns 
Input Transition 


tTHL 
Time 
80 
135 
32 
70 
24 
45 
ns 
Times";;;; 
20 
os 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed 
in this sectIon 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
qelays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
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40818 
QUAD 2-INPUT AND GATE 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


Voo 
= 5 V 


MIN 
TYP 
MAX 


DC 
CHARACTERISTICS: 
VOO 
as shown, 
VSS 
= 0 V (See Note 
1) 


LIMITS 


VOO=10V 


MIN 
TYP 
MAX 


Voo = 15 V 


MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 
25°C 
All 
inputs 
at OV 
XC 
~A 
Power 
7.5 
15 
30 
MAX 
orVOO 
100 
Supply 
0.25 
0.5 
1 
MIN. 
25°C 
XM 
~A 
Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5V 
VOO=10V 
VOO=15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay 
55 
95 
23 
50 
17 
40 
ns 
CL -50pF. 


tpHL 
60 
95 
25 
50 
19 
40 
ns 
RL =200kl1 


tTLH 
Output Transition 
70 
135 
30 
70 
23 
45 
ns 
Input Transiton 


tTHL 
Time 
57 
135 
23 
70 
16 
45 
ns 
Times <; 20 ns 


NOTES' 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
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40828 
DUAL 4-INPUT 
AND GATE 


DESCRIPTION 
- 
This CMOS 
logic element 
provides the positive 
Dual4·lnput 
AND 
function. 
The outputs are fully buffered 
for highest noise 


immunity 
and pattern 
insensitivity 
of output 
impedance. 


LIMITS 


SYMBOL 
PAF,lAMETER 
VDD 
= 5 V 
VDD = 10 V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25"C 
XC 
",A 


Power 
7.5 
15 
30 
MAX 
All inputs 
at 


100 
Supply 
0.25 
0.5 
1 
MIN,25°C 
OVorVOD 


XM 
",A 
Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDO = 10 V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


lpLH 
45 
25 
20 
CL=50pF, 
Propagation Delay 
ns 
lpHL 
45 
25 
20 
RL = 200 kl! 


lTLH 
45 
20 
15 
Input Transition 
Output Transition 
Time 
45 
20 


ns 
lTHL 
15 
Times 
t;;;; 20 ns 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphicallv 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


• 


40858 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 


DESCRIPTION 
- 
The 4085B 
is a Dual 2-Wide 2-lnput 
AND-DR-Invert 
(AOI) 
Gate. each with 
an additional 
input 
114A or 14BI which 
can be 


used as either 
an 
Expander 
Input 
or an Inhibit 
Input 
by connecting 
it to any standard 
CMOS 
output. 
A HIGH 
on this Input 
(14) forces the 
Output 
(F) LOW 
independent 
of the other 
four 
inputs 
110-131. The 
Outputs 
(FA and FBI 
are fully 
buffered 
for 
highest 
noise immunity 
and 


pattern 
insensitivity 
of output 
impedance. 


PIN NAMES 


lOA -14A. 
IOB-14B 
FA. FB 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 


pinouts (Connection 
Diagram) 
as the 


Dual In-line Package 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
" 
VDD = 10 V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN. 
25°C 
All 
inputs 
at 0 V 
XC 
~A 


100 
Power 
7.5 
15 
30 
MAX 
orVDD 
Supply 


XM 
0.25 
0.5 
1 
~A 
MIN. 
25°C 


Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD 
= 10 V 
VDD 
= 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
56 
115 
25 
55 
17 
44 
ns 
CL =50pF. 


tpHL 
Any 
I to F 
74 
135 
30 
65 
20 
52 
ns 
RL = 200 kn 


tTLH 
Output 
Transition 
45 
100 
22 
50 
15 
35 
ns 
Input Transition 


tTHL 
Time 
45 
100 
22 
50 
15 
35 
ns 
Times <. 20 ns 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
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4086B 
4-WIDE 2-INPUT AND-OR-INVERT GATE 


DESCRIPTION 
- 
The 40868 
is a 4-Wide 
2-lnput 
AND-DR-Invert 
(AOII 
Gate with 
two 
additional 
inputs 
(18 andlg) 
~hich 
can be used as 


e~!herexpander 
inputs 
or inhibit 
inputs 
by 
connecting 
them 
to any 
standard 
CMOS 
output. 
A HIGH 
on IS or a LOW on 19 forces the Output 


(F) 
LOW independent 
of the other 
eight inputs 
(10-17). 
The Output 
(F) is fully 
buffered 
for highest noise immunity 
and pattern 
insensitivity 
of 


output 
impedance. 


PIN NAMES 


10-18 
Ig 
F 


Gate 
Inputs 


Gate Input 
(Active 
LOW) 


Output 
IAct;ve 
LOW) 


(2) 
'0 
0"0', 
CD 
'3 


(D', 
(D', 
@16 
@r7 


Voo 
= Pin 
14 


VSS 
= Pin 
7 
@ 19 
NC 
= Pin 4 
F .. 10. 
I, 
+ 12.13 
+ 14.15 
+ 16. 
17 + IS + 19 


NOTE, 
The 
F latpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In~line Package. 


LIMITS 


SYM80L 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
1 
2 
4 
MIN,25°C 
All inputs 
at 0 V 
XC 
~A 
Power 
7.5 
15 
30 
MAX 
orVDD 
IDD 
Supply 


XM 
0_25 
0,5 
1 


~A 
MIN,25OC 


Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15 V 
UNITS 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
100 
180 
40 
80 
25 
64 
ns 


tpHL 
'0 through 
'8 to F 
100 
180 
40 
80 
25 
64 
ns 
CL = 50 pF, 


tpLH 
Propagation 
Delay, 
65 
100 
35 
50 
20 
40 
ns 
RL = 200 kfl 


tpHL 
Igto 
F 
65 
100 
35 
50 
20 
40 
ns 
Input 
Transition 


tTLH 
Output 
Transition 
55 
100 
25 
50 
18 
35 
ns 
Times •• 20 ns 


tTHL 
Time 
55 
100 
25 
50 
18 
35 
ns 


NOTES' 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
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40938 
QUAD 2-INPUT 
NAND SCHMITT 
TRIGGER 


GENERAL DESCRIPTION - 
The 4093B 
is a Quad 
2-lnput 
NAND 
Schmitt 
Trigger 
offering 
positive 
and negative 
threshold 
voltages, 
VT+ and 
VT- 
which 
show 
very 
low variation 
with 
temperature 
(typically 
0.0005 
V/oe 
at Voo = 10 Vl 
and typical 
hysteresis, 
VT+ to VT- ~ 0.33 Voo. 
Outputs 
are fUlly buffered 
for highest 
noise immunity. 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In.-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive-Going 


VT+ 
Threshold 
3.6 
6.8 
10 
V 
ALL 
VIN 
= VSS to VOO 
Voltage 


Negative-Going 


VT_ 
Threshold 
1.4 
3.2 
5 
V 
ALL 
VIN 
= VOO to VSS 


Voltage 


VT+to 
Guaranteed 


Hysteresis 
2.2 
3.6 
5 
V 
ALL 
Hysteresis 
= 


VT_ 
VT+ 
Minus VT_ 


Quiescent 
1 
2 
4 
MIN. 25°C 


XC 
J.lA 
Power 
7.5 
15 
30 
MAX 
Atllnputs 
100 
SupplV 
0.25 
0.5 
1 
MIN. 25°C 
at OV or 


XM 
J.lA 
Current 
7.5 
15 
30 
MAX 
VOO' 


41048 


QUAD LOW VOLTAGE TO HIGH VOLTAGE 
TRANSLATER 
WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 
41048 
Quad 
Low 
Voltage 
to 
High 
Voltage 
Translator 
with 
3-State 
Outputs 
provides the capability 
of interfacing 
low voltage circuits 
to high voltage circuits. such as low voltage 
CMOS and TTL 
to high voltage CMOS. it has lour 
Data Inputs IIO-I;jJ. '!" 
active HIGH Output 
Enable 
input 
IEOI. 
four 
Data Outputs 
(Z..o.:~J.!and their 
Complements 
(ZO-Z31. With 
the Output 
Enable 
input 
HIGH, the Outputs 
(20·Z3. 
20·Z3) 
are in the low impedance "ON" 
state, either HIGH or LOW 
as determined 
by 
the 
Data 
Inputs; 
with 
the 
Output 
Enable 
input 
LOW. 
the 
Outputs 
are 
in the 
high 


impedance 
"OFF" 
state. The voltage 
level on the Output 
Enable 
input 
may swing between 
VODI 
and VSS. 


The device usesa common 
negative supply (VSS) and separate positive supplies for inputs (VODI) 
and 


outputs 
(VODOl. 
<VODI must always be less than or equal to VODO. even during power turn·OIl and 


turn-off. 
For the allowable 
operating 
range of VOOI 
and VOOO see Figure 1. Each input protection 


circuit 
is terminated 
between 
VOOO 
and VSS' This allows the input 
signals to be driven from 
any 


potential 
between VOOO and VSS. without 
regard to current 
limiting. 
When driving 
from potentials 


greater than VODO 
or less than VSS. the current 
at each input 
must be limited 
to 10 mA. 


When used in a bus organized 
system. all 41048 
devices on the same bus line should be connected to 
the same VOOO and VSS supplies. Otherwise. parasitic diodes from the output 
to VOOO and VSS enn 


become forward 
biased. even while 
the device is in the OFF state, causing catastrophic 
failure 
if the 


current 
is not limited 
to 10 mA. 


• 
3-STATE 
FULLY 
BUFFERED 
OUTPUTS 
• 
OUTPUT 
ENABLE 
INPUT 
(ACTIVE 
HIGHI 


• 
DUAL 
POWE R SUPPLY 


PIN NAMES 


10-13 
EO 


ZO-Z3 
ZO-Z"J 


FUNCTION 
Data Inputs 
Output 
Enable Input 
Data Outputs 
Complimentary 
Data Outputs 


VDDa 
'" Pin 
1 


VOOI 
'" Pin 
16 


VSS 
'" Pin 
8 


'" PIn Number 


NOTE' 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-Iine 
Package. 


@ 


EO 


• 


- 
--- 
-- ---- 


LIMITS 


SYMBOL 
PARAMETER 
VDDO/I 
= 5 V 
VDDO/I 
= 10 V 
VDDO/l 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 
--= 
.- 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Note 
Note 
Note 
Guaranteed 
Input 
VIH 
Input HIGH 
Voltage 
3.5 
7 
11 
V 
All 
1 
1 
1 
HIGH 
Voltage 


Note 
Note 
Note 
Guaranteed Input 
Vil 
Input LOW Voltage 
1.5 
3 
4 
V 
All 
I lOW 
Voltage 
2 
2 
2 


4.95 
9.95 
14.95 
MIN, 25 C_~: 
VOH 
Output 
HIGH 
4.95 
9.95 
14.95 
_~AX 
__ 
IOH <1~A~ote 
3 
Voltagp 
-- 
V 


4.5 
9.0 
13.5 
All 
tOl 
< 1 "A 
Note 4 


0.05 
0.05 
0.05 
MIN,25°C 
Output 
lOW 
0.05 
025_ 
O.O~ 
~AX 
IOl 
<1 "A 
Note 3 
VOL 
-- -- 
V 


Voltage 
IOH <1 "A-N0te4 
0.5 
1.0 
1.5 
All 


Lead 
Under 
Test 
at 


XC 
0.3 


"A 
MIN,25'C 


1.0 
MAX 
o V or VDDO. 
All 


IIN 
Input Current 
~5::£ 


Other 
I npu ts 
0.1 
XM 


"A 


Simultaneously 
at 
1.0 
MAX 
OVorVDDO 
-1.5 
MIN, 25 C 
VOUT 
= 2.5 V for 


Output 
HIGH 
-1.0 
MAX 
VDDO = 5 V Note 3 
IOH 
mA 
Current 
-0.7 
-1.4 
-2.2 
MIN,25"C 
VOUT 
= VDDO 
-0.4 
-0.8 
-1.4 
I 
MAX 
-0.5 V Note 3 


I 
VOUT 
= 0.4 V for 


1.0 
2.6 
3.6 
VDDO 
= 5 V 


IOl 
Output 
lOW 
0.8 
MIN,25'C 
VOUT 
= 0.5 V for 
2.0 
3.6 
mA 
Current 
MAX 
VDDO 
= 10 V 
0.4 
1.2 
2.0 


VOUT 
= 0.5 V for 


VDDO = 15 V Note 3 


XC 
1.6 
I MIN, 25' C 


"A 
IOZH 
Output 
OFF 
12 
I 
MAX 
Output 
Returned 
to 


Current 
HIGH 
0.4 
MIN,25'C 
VDDO, 
EO = VSS 
XM 
"A 
12 
MAX 


-1.6 
MIN,25'C 


Output 
OFF 
XC 
"A 
MAX' 
Output Returned to 
-12 
IOZl 
Current 
lOW 
-0.4 
MIN,25'C 
VSS, EO = VSS 
XM 
"A 
-12 
MAX 


Quiescent 
20 
40 
80 
MIN, 25 C 
XC 
"A 
Power 
150 
300 
600 
MAX 
All Inputs 
at 0 V or 
IDD 
~ 
-- 
- 


Supply 
XM 
5 
10 
20 
MIN,25'C 
VDDI 
= VDDO 


"A 
Current 
150 
300 
600 
MAX 


NOTES' 
1. 
VIH 
must 
be less than 
or equal 
to VODO' 
If V,H 
is greater 
than 
VODO. 
current 
at each input 
must 
be limited 
to 10 mA. 


2. 
VI L must 
be greater 
than 
or equal 
to 
VSS. 
jf VI Lis 
les5 than 
VSS. 
current 
at each 
input 
must 
be limited 
to 10 mA. 


3. 
Inputs 
at 0 V or VODO 
per function. 
4. 
Inputs 
at minimum 
VIH 
or maximum 
VILper 
function. 


5. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


LIMITS 


SYMBOL 
PARAMETER 
VDDo 
= 5 V 
VDDo= 
10V 
VDDo 
= 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
160 
375 
85 
180 
75 
144 
CL = 50 pF. 


In to Zn or Zn 
n' 
RL=2ookn 
tPHL 
160 
375 
B5 
180 
75 
144 


tpZH 
200 
450 
80 
110 
70 
88 
(RL = 1 kn 
to VSS) 
Output 
Enable Time 
n, 
tpZL 
200 
450 
100 
170 
80 
136 
(RL = 1 kn 
to VDDo) 


tpHZ 
75 
165 
90 
170 
75 
136 
(RL = 1 kn 
to VSS) 
Output 
Disable Time 
n, 
tPLZ 
50 
115 
80 
110 
70 
88 
(RL 
= 1 kn 
to VDDo) 


tTLH 
60 
135 
30 
70 
25 
45 
Input 
Transition 
Output Transition Time 
n, 
tTHL 
60 
135 
30 
70 
25 
45 
Times" 
20 n, 


PROPAGATION 
DELAY 
VERSUSCL 


PROPAGATION 
DELAY 
VERSUSVDDO 


'. ~, 
Cl 
,~ •• 


\ .•......r- 


OUTPUT 
ENABLE 
TIME 
(tpZH) 
AND 
OUTPUT 
DISABLE 
TIME 
(tpHZ) 


.".,.-- ..•. 


HIGH 
Z 
"OFF" 
STATE 


OUTPUT 
ENABLE 
TIME 
(tpZL) 
AND 
OUTPUT 
DISABLE 
TIME 
ItpLZ' 


• 


45108 


UP/DOWN 
DECADE COUNTER 


DESCRIPTION 
- 
The 4510B 
IS an Edge-Triggered Synchronous 
Up/Down 
BCD Counter 
with 
a Clock 


Input 
(CPl, 
an active 
HIGH 
Up/Down 
Count 
Control 
Input 
(Up/onl, 
an active 
LOW Count 
Enable 


Input 
IC'E\ an"asynchronous 
actIve HIGH 
Parallel 
Load Input 
(PL), four Par~el 
Inputs (PO·P3). four 


Parallel 
Outputs 
(OO-03l, 
an 
active 
LOW 
Terminal 
Count 
Output 
(Tel 
and 
an 
overriding 


asynchronous 
Master 
Reset 
Input 
lMRl. 


Information 
on the Parallel Inputs 
IPO-P31IS loaded into the counter while the Parallel Load Input 


(PLl 
IS HIGH, mdependent of all other 
Input 
conditions except the Master Reset Input (MRI which 
m..ust be LOW. WIth 
the Parallel 
Load Input 
IPLI LOW. the counter 
changes on the LOW-la-HIGH 


tranSItion 
of 
the Clock 
Input 
(CPI If 
the Count 
Enable Input 
(CEI is LOW. The Up/Down 
Count 
Control 
Input 
IUp/D,:;) 
determInes 
the dIrection 
of 
the count, 
HIGH 
for 
counting 
up, LOW for 
counting 
down. 
Wher 
counting 
up, 
the Terminal 
Count 
Output 
(TCI 
is LOW when the Parallel 


Outputs 
00·032re 
HIGH and the Count Enable ICE) 
is LOW. When counting 
down, the Term~t 


Count Output 
lTC I is LOW when all the Parallel Outputs 
(00·03) 
and the Count Enable Input (CE) 


are LOW. A HIGH on the Master Reset Input 
resets the counter 
(00·03 
= LOW) independent of all 


other Input conditions. 


• 
UP/DOWN 
COUNT 
CONTROL 


• 
SINGLE 
CLOCK 
INPUT 
IL 
-H EDGE-TRIGGEREDI 


• 
ASYNCHRONOUSPARALLELLOADINPUT 
• 
ASYNCHRONOUS 
MASTER 
RESET 


• 
EASI L Y CA~CADABLE 


MODE SELECTION 
TABLE 


CE 
CP 


-:1 
~JlHJl~ 
L~ 
L 
L 
I 


L 
H 
L 
r 
L----- 
__ 


Parallel Load (Pn -+ 
Qn) 


No Change 
Count Down, Decade 
Count Up, Decade 


MR 
= LOW 


H 
= HIGH 
Level 
L 
= LOW 
Level 


x 
= Don't 
Care 
S 
= Positive·Going 
Transition 


LOGIC EQUATION 
FOR TERMINAL 
COUNT 


TC = CE • IIUP • 00 • °31 
+ IUP. 
00.01 
.02" 
03! I 


NOTE: 
The 
Flatpak 
version 
has the same pin- 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
I n-line 
Package. 


Parallel Inputs 


Count Enable Input 
IActive 
LOW) 


Clock Pulse Input (L - 
H 


Edge-Triggeredl 


Up/Down 
Count Control 
Input 


Master Reset Input 


Terminal Count Output 
IActive 
LOWI 


Parallel Outputs 


® 


MR 


CD 


PL 


@ 


CP 


CD 
Tc 


VOO""Pin16 


VSS 
:: Pin 
8 
o 
::Pin Number 
fi 


L 
Po 


CP 


. 
T 
0 


PL (Parallel 
Load 
Input) 
- 
Asynchronously 
Loads 
Pinto 
Q, Overriding 
all Other 
Inputs 
P (Parallel 
Input) 
- 
Data 
on this Pin is Asynchronously 
Loaded 
into 
Q. when 
PL is HIGH 
Overriding 
all Other 
Inputs 
CP (Clock 
Pulse Input) 
g. Q (True 
and 
Complimentary 
Outputs) 


T (Toggle 
Input) 
- 
Forces 
the Q output 
to synchronously 
toggle when 
a HIGH 
is placed 
on this input. 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO-10V 
VOO-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN. 
25'C 


XC 
.uA 
Power 
150 
300 
600 
MAX 
All inputs 
at 
100 
Supply 
10 
20 
MIN,25'C 
o V or VOO 
XM 
5 
}JA 
Current 
150 
300 
600 
MAX 


• 


AC CHARACTERISTICS 
AND SET·UP REQUIREMENTS: 
VOO as shown, VSS = 0 V, TA = 25 


uC (See Note 21 


LIMITS 


VOO-10V 


MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
CP to On 


tPHL 
I 


tpLH 
I 
- 


~ 
Propagation 
Delay. 
CP to TC 
tpHL 


tPLH 
Propagation 
Delay. 
PL 
to On 
tPHL----,- 
tPLH 
- 
Propagation 
Delay. 
MR 
to On. Te 


tPHL 


tTLH 


tTHL 


twCP 


twPL 


twMR 


t.!~ 
..•..M~_R_eco\ler~ 
T.lme._ 


tree 
PL Recovery 
Time 


ts 
Set-Up Tome, UP/ON 
to CP 


th 
Hold T;me, UPIDN 
to CP 


ts 
Set·Up TIme, CE to CP 


th 
Hold Time, CE to CP 


'5 
I Set·Up 
Time. 
Pn to PL 


th 
I Hold Tome, Pn to PL 


'MAX 
I Input 
Clock 
Frequency 
INote 
31 


Voo 
- 5 V 


MIN 
TYP 
MAX 


Voo 
- 15V 


MIN 
TYP 
MAX 


CL =50pF, 


ns 
RL=200kn 


ns 
Input Transition 


ns 
Times <;; 20 ns 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
'MAX. 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 20 ns. 
4. 
It is recommended 
that 
input 
rtse and fall times to the Clock 
Input 
be less than 
15 J,lsat VOO 
= 5 V. 4J,ls at VOO:E 10 V, ,and 3J,ls at 


VOO 
15 v. 


• 


twMRl:::=:J 
.•...trec 
!50% \50% 
----------- 
~---- 


MINIMUM 
PL AND 
MR PULSE WIDTH, 
RECOVERY 
TIME 
FOR PL AND 
MR, AND 
SET·UP AND 
HOLD 
TIMES, 
Pn TO PL 


45118 
BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 


GENERAL 
DESCRIPTION 
- 
The 4511 B is a BCD-to-7-Segment 
Latch/Decoder/Driver 
with 
four 
Address Inputs 
(AO-A3), 
an active LOW Latch Enable Input (ELI, an active Low B.lanking Input (IB), 


an active 
LOW 
Lamp Test 
Input 
(ILT) 
and seven active HIGH 
npn bipolar 
segment outputs 
(a-g). 


When the Latch 
Enable Input (EL) is LOW, the state of the Segment Outputs 
(ail) 
is determined 
by 
the data on the Address Inputs 
(AO-A3). 
When the Latch Enable Input (IT) goes HIGH, the last data 
present at the Address Inputs (AO·A3) is stored in the latches and the Segment Outputs (a-g) remain 
stable. 


When the Lamp Test Input 
liLT) 
is LOW, all the Segment Outputs 
(ail) 
are HIGH independent 
of.!!1 
other 
input 
conditions. 
With 
the 
Lamp Test Input 
lILI' 
HIGH, 
a LOW on the Bla~ing 
Input 
liB' 
forces all Outputs 
(ail) 
LOW. The Lamp Test Input (1lT' and the Blanking 
Input 
II B) do not affect 
the latch circuit. 


• 
HIGH CURRENT 
SOURCING 
OUTPUTS 
(UP TO 25 mAl 
• 
BLANKING 
INPUT 
(ACTIVE 
LOW) 
• 
LAMP TEST INPUT 
(ACTIVE 
LOW) 
• 
LAMP INTENSITY 
MODULATION 
CAPABILITY 
• 
MULTIPLEXING 
CAPABILITY 
• 
LOW POWER DISSIPATION 


AO- 
A3 
EL!i. 
ILT 
a-g 


Address (Data) Inputs 


Latch Enable (Active 
LOW) Input 


Blanking 
(Active 
LOW) Input 


Lamp Test (Active 
LOW) Input 
Segment Outputs 


INPUTS 
OUTPUTS 


EL 
IB 
ILT 
A3 
AZ 
A1 
AO 
a 
b 
c 
d 
e 
f 
g 
DISPLAY 


X 
X 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
8 


X 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 


L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
1 


L 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
Z 


L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


L 
H 
H 
L 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
4 


L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 


L 
H 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
6 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
8 


L 
H 
H 
H 
L 
L 
H 
H 
H 
H 
L 
L 
H 
H 
9 


L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
H 
H 
X 
X 
X 
X 
• 
• 


H - HIGH Level 
L = LOW Level 
X = Don't 
Cere 
• = Depends 
upon the BCD code applied 
during 
the LOW-to-HIGH 
transition 
ofEL 


NOTE, 
The Flatpak 
version 
has the same 
pinouts 
(Connection 
Diagram) 
8S 
the 
Dual 
In-line 
Pack8ges. 


DISPLAY 
ITTTTTTTilCifOl 
~o 
1 
2 
3 
.• 
5 
6 
7 
8 
9 


,------------ 
-:~~ 
I 
CATCH 
1 
•... 
L 
_ 


VDD = PIN 16 
Vss = PIN B 


0= 
PIN NUMBER 


DC CHARACTERISTICS: 
VDD 
= 5 V, VSS = D V (Note 1) 


LIMITS 


SYMBOL 
PARAMETER 


MIN 
TYP 
MAX 


VIH 
Input 
HIGH Voltage 
3.5 


V1L 
Input 
LOW Voltage 
1.5 


XC 


VOH 
Output 
HIGH Voltage 
or 
4.1 
4.57 


XM 


4.24 


3.60 
4.22 


XC 
4.16 


.2.80 
4.12 


4.05 


4.24 


3.90 
4.22 


XM 
4.16 


3.40 
4.12 


4.05 


0.05 


VOL 
Output 
LOW Voltage 
0.05 


0.5 


1 


IOL 
Output 
LOW Current 
0.8 


0.4 


UNITS 
TEMP 


V 
All 


V 
All 


V 
25°C 


V 


25°C 


V 


MIN. 25°C 


MAX 


All 


MIN 


25°C 


20 


IDD 
Quiescent 
Power 
XC 
150 
p.A 


Supply Current 
XM 
5 


150 


MAX 


MIN,25°C 


MAX 


MIN,25°C 


MAX 


Guaranteed 
Input HIGH 
Voltage 


Guaranteed 
Input 
LOW Voltage 


Inputs 
at 0 V or VOD 
IOH<1J.lA 
per the Truth 
Table 


IOH=5 mA 


IOH 
10mA 


IOH-15 
mA 


IOH-20 
mA 


IOH-25 
mA 


'OH=5 
mA 


IOH-10 
mA 


IOH-15 
mA 


'OH 
20 mA 


IOH~25 
mA 


IOL < 1 J.lA, Inputs at 0 V or VDD 
per the Truth 
Table 


IOL < 1 J.lA. Inputs at 1.5 or 3.5 V 


All Inputs at a v or V DO and 


all Outputs 
Open 


• 


LIMITS 


SYMBOL 
PARAMETER 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
7 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


VIL 
Input 
LOW Voltage 
3 
V 
All 
Guaranteed 
Input 
LOW 
Voltage 


XC 
IOH< 
1 "A 
Inputs 
at 0 V or VDD 
VOH 
Output 
HIGH 
Voltage 
or 
9.1 
9.S8 
V 
2SoC 
per the Truth 
Table 


XM 


9.26 
V 
IOH=S mA 


8.7S 
9.21 
IOH=10mA 


XC 
9.17 
2SoC 
IOH~1S 
mA 


8.10 
9.14 
IOH~20mA 


9.10 
IOH~2S 
mA 


9.26 
V 
IOH=S mA 


9.00 
9.21 
IOH~10mA 


XM 
9.17 
2SoC 
IOH=1SmA 


8.60 
9.14 
IOH~20mA 


9.10 
IOH~2SmA 


O.OS 
MIN,2SoC 
IOL<1 
"A,lnputsatOVorVDD 
VOL 
Output 
LOW Voltage 
O.OS 
V 
MAX 
per the Truth 
Table 


1 
V 
All 
IOL<1 
"A,lnputsat 
3 or 7 V 


2.6 
MIN 
Inputs at 0 V or VDD 


IOL 
Output 
LOW Current 
2 
mA 
2SoC 
VOUT= 
per the Truth Table 


1.2 
MAX 
O.S V 


XC 
40 
MIN,2SoC 
All 
Inputs 
at 0 V or V DO 


100 
Quiescent 
Power 
300 
MAX 
and all Outputs 
Open 


Supply Current 
"A 
MIN,2SoC 
XM 
10 


300 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
11 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


V1L 
Input 
LOW Voltage 
4 
V 
All 
Guaranteed 
Input 
LOW Voltage 


XC 
IOH < 11'A 
Inputs at 0 V or VDD 


VOH 
Output 
HIGH 
Voltage 
or 
14.10 
14.59 
25°C 
per the Truth Table 


XM 


14.27 
IOH-5 
mA 


13.75 
14.23 
IOH-10 
mA 


XC 
14.20 
25°C 
IOH-15 
mA 


13.10 
14.17 
IOH=20 
mA 


14.13 
IOH=25 
mA 


14.27 
V 
IOH=5 
mA 


14.00 
14.23 
IOH-1OmA 


XM 
14.20 
2SoC 
IOH-15 
mA 


13.60 
14.17 
IOH-20 
mA 


14.13 
IOH-25 
mA 


0.05 
MIN,25°C 
IOL < 11'A. Inputs at 0 V or VDD 


VOL 
Output 
LOW Voltage 
0.05 
V 
MAX 
per the Logic Function 
or Truth 
Table 


2 
V 
All 
IOL <1 /-lA, 
Inputs at 4 or 11 V 


IIN 
Input Current 
XC 
1 
All 
Lead under test at 0 V or VDO 


XM 
1 
I'A 
All other 
Inputs 
simultaneously 
at 


OVorVDD 


IOL 
Output 
LOW Current 
7.5 
MIN,25 
C 
VOUT 
= 
Inputs 
at 0 V or VOO 


4.5 
mA 
MAX 
1.5V 
per the Truth Table 


80 
MIN,25°C 
All 
Inputs 
at 0 V or VOO 
and all 


IDD 
Qu iescent Power 
XC 
600 
I'A 
MAX 
Outputs Open 


Supply Current 
XM 
20 
MIN,25°C 


600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
AN to a-g 
212 
480 
90 
190 
68 
152 
ns 


tpHL 
238 
480 
88 
190 
60 
152 
ns 


tpLH 
Propagation 
Delay. 
I L T to ail 
82 
180 
38 
80 
30 
64 
ns 
CL = 50 pF, 


tpHL 
85 
180 
34 
80 
24 
64 
ns 
RL = 200 kO 


tpLH 
Propagation 
Delay. IB to a-g 
147 
330 
60 
135 
42 
108 
ns 
Input 
Transition 
Times 


tpHL 
164 
330 
65 
135 
46 
108 
ns 
•• 20 ns 


tpLH 
Propagation 
Delay, 
E L to a-g 
230 
550 
90 
210 
63 
168 
ns 


tpHL 
275 
550 
98 
210 
66 
168 
ns 


tTLH 
Output 
Transition 
25 
55 
18 
40 
16 
40 
ns 


tTHL 
Time 
75 
135 
26 
75 
17 
45 
ns 


twEL 
EL Minimum 
Pulse Width 
85 
34 
35 
14 
28 
10 
ns 


ts 
Set-Up Time,AN 
to EL 
55 
20 
25 
7 
20 
4 
ns 


th 
Hold-Time, 
AN to IT 
55 
19 
25 
6 
20 
4 
ns 


NOTES, 


1. 
Additional 
de characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


PROP AGA TION 
DE LAY, 
AN TO 
PROPAGATION 
DELAY, 18 to 
OUTPUT 
VERSUS 
PROPAGATION 
DELAY, 
AN TO 
LOAD 
CAPACITANCE 
OUTPUT 
VERSUS 
TEMPERATURE 
OUTPUT, 
VERSUS 
TEMPERATURE 
350 
I 


400 
200 
fA 
= 25°C 
CLI::: 15 pF 
CL'" 
Hi pF 
I 
A-'1.. 
,: 


300 
,: 
350 
~ 


100 
tPHl. VoO :::'S V ......rJ-.-t'" I 
~ 
)PHL. too J 6 V 
~ 
'PH~, V~O ,15 V 
150 
0 
- 
0 
300 
r-.. 
0 
V ....- ~H. 
VDo1=5V 
Z • 
250 
IPlH.VDD~ 
~ ~ 140 
o 
c 
--tI 
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.... 


o=> 


IPlH. '100 = 10 V 


~ ~ 
100 


tPHl. Voo ,. 10 V 
fO 
150 
",0 
",0 
--- 
,~ 
tPH~.Yoa 
= 10 V 
•. 0 
•• 
0 
00 
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40 
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50 


t~~:~.Vt~~H.J~~ 
=1'5 V 
~ 
50 
tP~H. ~OD ~ 1St- 
20 
- - 
, 
tPHL 
YOD = 15 Y 
'PlH. Yoa ': 15'y/ 


00 
0 
0 
140 
20 
40 
00 
00 
100 
120 
140 
100 
~oo 
-20 
20 
00 
100 
140 
-00 
20 
20 
60 
100 


CL - lOAD 
CAPACITANCE 
pF 
TA'" 
AMBIENT 
TEMPERATURE 
•• °C 
fA'" 
AMBIENT 
TEMPERATURE 
- °C 


PROPAGATION 
DELAY, 
III 
to 
MINIMUM 
IT PULSE 
WIDTH 
OUTPUT 
TRANSITION 
TIME 


OUTPUT, 
VERSUS 
TEMPERATURE 
VERSUS 
TEMPERATURE 
VERSUS 
TEMPERATURE 
100 
CL = 15 pF 1 
50 
I I 
~ 50 


I 
~ 
CL;:: 16 pF 
...... 
C, 
15 pF 
,: 
90 
I 
I 


45 
..J--'I 


'45 
~ 


....- 
~ 
tTHl. VDD 
5V 
00 
•.•...•. 
I--' 
0 
40 
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40 
•.•...•. 
0 
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'-" 
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•.•...•. 
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70 
36 
35 
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-- ...-t"tPLH. 
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w 
...... 
-- 
;: 
-- 
'" 
....- 
..~ 60 
~ 30 
30 
,,=> 
.- 
25 
.- 


•.•...•. 
.... 
u:: 
..~ 50 
26 


tTUi'V~ 
- 
o=> 
tPlH. 
Yoo 
= 10 V. '" 
:IE 
",0 
•. 2 
40 -l-rH\, 
VOIO"O V,,- 
=> 
20 
20 
- 
:IE 
VOD = 10'1 - 
I---tTHl. 
VDO 10 V 
. ~ 
z 
- 
- 
f= 
30 
i 
15 
- 


15 
-- 
g 
20 
10 
- 
'0 
I 
IPLH. 
'100 
- 
15 V 
~ 
"00"15'1 
ITLH. 
'100 
10 V /. 


10 
I 
I 
,pi" V?O', 
" r- - 
} 
6 
5- 
- 
r-tTHL. 
'100 
15 V 


0 
tTLH. "DO 
15 V 


Q60 
0 
20 
20 
60 
100 
140 
-00 
20 
20 
00 
100 
140 
50 
20 
20 
60 
'00 
140 


TA 
AMBIENT 
TEMPERATURE 
°C 
TA 
AMBIENT 
TEMPERATURE 
oc 
TA 
AMBIENT 
TEMPERATURE 
C 


TYPICAL 
OUTPUT 
DRIVE 


CHARACTERISTICS 
0 
1-10 
,~i 


-20 


=> 
30 
lJ 
/, 


%" 
'100 
- 3 V 
~ -40 
I f, 
~ 
5 -60 
0 
If 


VDO(' 10'1 
9 -eo 
./ 


'100 
= sv/ 1/ 
'100,= 
16 V 


70 
"00-3'1 
"00-2'1 
"00-1'1 
VOO 


VOH 
OUTPUT HIGH VOLTAGE - VOLTS 
lVoo 
'" POWER SUPPLY VOlTAGEI 


• 


EXCITATION 


(SQUARE 
WAVE, 


VSS TO VODI 


45128 
8-INPUT MULTIPLEXER WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 4512B 
is an 8-lnput 
Multiplexer 
with 
Active 
LOW logic and output 
enables (E. 


EO). One of eight binary inputs is sel.!£.tedby Select Inputs SO, 5, and 52 and is routed to the output 
F. A 
HIGH 
on 
the 
Output 
Enable 
(EO) 
causes the 
F output 
to assume a high impedance 
or "OFF" 
state, 
regardless 
of 
other 
input 
conditions. 
This 
allows 
the 
output 
to 
interface 
directly 
with 
bus 
oriented 
systems 
(3-state), 
When 
the 
active 
LOW 
Enable 
(E) 
is HIGH, 
it forces 
the 
output 
LOW 
provided 
the 
Output 
Enable 
(EO) 
is LOW. 
By proper 
manipulation 
of 
the 
inputs. 
the 
4512B 
can 
provide 
any logic functions 
of four variables. 
The 45128 
cannot 
be used to multiplex 
analog signals. 


• 
SELECTS 
ONE-Of-EIGHT 
DATA 
SOURCES 
• 
PERfORMS 
PARALLEL-TO-5ERIAL 
CONVERSION 


• 
3-STATE 
OUTPUTS 
WITH 
ACTIVE 
LOW OUTPUT 
ENABLE 


• 
ACTIVE 
LOW LOGIC 
ENABLE 


PIN NAMES 


50.51.52 
EO 
E 


10 to 17 
f 


Select 
Inputs 


Output 
Enable (Active 
LOW) 


Enable (Active 
LOW) 


Multiplexer 
Inputs 


Multiplexer 
Output 


INPUTS 
OUTPUT 


EO 
E 
52 
51 
50 
10 
11 
12 
13 
14 
15 
16 
17 
F 


L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 


L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
L 


L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
H 


L 
L 
L 
L 
H 
X 
L 
X 
X 
X 
X 
X 
X 
L 


L 
L 
L 
L 
H 
X 
H 
X 
X 
X 
X 
X 
X 
H 


L 
L 
L 
H 
L 
X 
X 
L 
X 
X 
X 
X 
X 
L 


L 
L 
L 
H 
L 
X 
X 
H 
X 
X 
X 
X 
X 
H 


L 
L 
L 
H 
H 
X 
X 
X 
L 
X 
X 
X 
X 
L 


L 
L 
L 
H 
H 
X 
X 
X 
H 
X 
X 
X 
X 
H 


L 
L 
H 
L 
L 
X 
X 
X 
X 
L 
X 
X 
X 
L 


L 
L 
H 
L 
L 
X 
X 
X 
X 
H 
X 
X 
X 
H 


L 
L 
H 
L 
H 
X 
X 
X 
X 
X 
L 
X 
X 
L 


L 
L 
H 
L 
H 
X 
X 
X 
X 
X 
H 
X 
X 
H 


L 
L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
L 
X 
L 


L 
L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
H 
X 
H 


L 
L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
L 
L 


L 
L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
H 
H 


H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Z 


LOW 
Level 


HIGH 
Level 


Don't 
Care 


High 
Impedance 
State 


• 


NOTE, 


The 
Flatpak 
ve,.sion 
has 
the 
same 
pinouts 
(Connection 
Diag,.am) 
as the 
Dual 
I n-line 
Package. 


'0 
" 
'2 
'3 
'. 
'5 
'6 
" 
8 
CD 
0) 
0 
0) 
CD 
(}) 
CD 


@ 
50 


5, 
@ 


52 @ 


(0 


_@ -o[>---~~ 
F 


VOO 
'" Pin 
16 


VSS 
= Pin 
8 
o 
'"PIn Number 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5 V 
VOO 
= 10 V 
VOO 
= 15 V 
UNITS 
TEMP 
TEST 
CONOTIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
- 


MIN,25°C 
Output~tumed 
to 
IOlH 
Output 
OFF 
1,6 


!current 
HIGH 
XC 
12 
MAX 
VOO' 
EO = VOO 
0.4 
j.LA 
MIN,25°C 
XM 
12 
MAX 


lOlL 
Output 
OFF 
- 
1.6 
MIN,25°C 


Current 
LOW 
XC 
-12 
MAX 
Output 
returned 
to 


- 
0.4 
j.LA 
MIN,25OC 
VSS' EO = VOO 
XM 
-12 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 


Power 
XC 
150 
300 
600 
j.LA 
MAX 
All inputs 
at 0 V. 


100 
Supply 
5 
10 
20 
MIN,25°C 
orvoo 
Current 
XM 
150 
300 
600 
j.LA 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
Voo 
= 5 V 
Voo 
= 10V 
VOO-15V 
UNITS 
TEST 
CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay, 
150 
300 
75 
150 
52 
120 
ns 
CL=50pF, 


tpHI 
Data 
to Output 
150 
300 
75 
150 
52 
120 
ns 
RL = 200 kfl 


tpLH 
Propagation 
Delay. 
175 
350 
85 
170 
60 
136 
ns 
Input Transition 


tpHL 
Select to Output 
175 
350 
85 
170 
65 
136 
ns 
Times';; 
20 ns 


tpLH 
Propagation 
Delay. 
90 
175 
45 
90 
30 
72 
ns 


tpHL 
E to Output 
90 
175 
45 
90 
32 
72 
ns 


IPZH 
Output 
Enable 
33 
85 
20 
45 
18 
36 
ns 
IRL 
= 1 kfl to VSS) 


tpZL 
Time 
30 
85 
22 
45 
20 
36 
ns 
(RL 
= 1 kfl to VOO) 


tpHZ 
Output 
Disable 
39 
100 
20 
50 
15 
40 
ns 
(RL = 1 kfl to VSS) 


tpLZ 
Time 
40 
100 
20 
50 
15 
40 
ns 
(RL = 1 kfl to VOO) 


tTLH 
Output 
Transition 
90 
200 
40 
100 
33 
65 
ns 


'THL 
Time 
100 
200 
40 
100 
30 
65 
ns 


NOTES, 
1. 
AddItional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characterisitcs. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. • 
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MULTIPLEXER 
AS A FUNCTION 
GENERATOR 
- 
In most digital 
systems there are areas, usually 
in the control 
section, 
where a number 
of 


inputs 
generate an output 
in a ITighly irregular 
way. In other words, an unusual function 
must be generated which 
is apparently 
not available as 
an MSI 
building 
block. 
In such cases, many 
designers tend 
to return 
to classical methods 
of logic design with 
NAND 
and NOR 
gates using 
Boolean Algebra, 
Karnaugh 
maps and Veitch 
diagrams for logic minimization. 
Surprisingly 
enough, multipl£xers 
can simplify 
these designs. 


The 45128 
a-Input 
multiplexer 
can generate 
anyone 
of the 65,536 
different 
functions 
of four 
variables. 
An example 
will 
illustrate 
the 
technique. 
Assume four 
binary 
inputs 
are A, B, C and D and F is the desired function 
(See Fig. 1I. If C is connected 
to SO, B to 51 and A to 52, 
any combination of A. Band C will select an input (assuming the output is enabled). For each combination of A, Band C. the required output, 
as a function of the fourth variable 0, is either H or L the same as 0 or the opposite of D. Therefore, the truth table may be examined and each 
input of the 45128 is connected to VDO VSS' 0 or '5 as required and in such fashion the function is generated. 


In the example shown, (Fig. 1) the first two outputs are' the opposite of D. so 10 is connected to D. The second two are HIGH, so 11 is 
connected to VOD. etc. 


32·INPUT 
MUL TIPLEXER 
- 
The 3·State 
Output 
Enable can be used to expand 
the 4512B. 
A 32·lnput 
Multiplexer 
utilizing 
four 
4512B's 
and 
a 4011 B is shown 
in Fig. 2. 


INPUT 
VARIABLES 
REQUIRED 
FUNCTION 


A 
B 
C 
D 
F 


L 
L 
L 
L 
H 


L 
L 
L 
H 
L 


L 
L 
H 
L 
H 


L 
L 
H 
H 
H 


L 
H 
L 
L 
L 


L 
H 
L 
H 
H 


L 
H 
H 
L 
L 


L 
H 
H 
H 
L 


H 
L 
L 
L 
L 


INPUT 30 
INPUT 31 


A3 


A4 


32·INPUT 
MULTIPLEXER. 


THE INPUT IS SELECTED 
8Y 5-81T ADDRESS A. - AO 
AND PRESENTED 
AT 
THE OUTPUT 


• 


DESCRIPTION 
- 
The 45148 
is a 1-of-16 
Decoder/Demultiplexer 
with four binary weighted Address 
Inputs 
(AO-A3), 
a Latch 
Enable Input 
IELl. 
an active LOW Enable Input 
(E) and sixteen 
mutually 
exclusive active HIGH 
Outputs 
1°0-0151. 


When the Latch 
Enable Input 
(ELl 
is HIGH. the selected Output 
(°0-°151 
is determined 
by the data 
on the Address Inputs 
(AO-A31. When the Latch Enable Input 
(ELl 
goes LOW. the last data present 
at the Address inputs 
(AO-A3) 
is stored in the latches and the Outputs 
100-015) 
remain stable. When 
the Enable Input 
(E) is LOW. the selected Output 
(00-015), 
determined 
by the contents of the latch. 


is HIGH. 
When the Enable Input 
(E) is HIGH. 
all Outputs 
100-015) 
are LOW. The Enable Input 
(E) 
does not affect 
the state of the latch. 


With the 
Latch 
Enable Input 
(Ell 
HIGH, 
16-channel 
demultiplexing 
results when data is applied to 


the Enable Input 
(E) and the desired output 
is selected by AO-A3. 
The selected output 
(°0-°151 
will 
follow 
as the inverse of the data. All unselected 
outputs 
(00-015) 
are LOW. 


• 
LATCH 
ENABLE 
INPUT 
(ACTIVE 
HIGH) 


• 
ENABLE 
INPUT 
(ACTIVE 
LOW) 
• 
SELECTED 
BUFFERED 
OUTPUTS 
(ACTIVE 
HIGH) 
COMPLEMENT 
OF THE 
INPUT 


PIN NAMES 
Ao-A3 
E 
EL 


°0-°15 


45148 
1-0F-16 DECODER/DEMULTIPLEXER WITH INPUT LATCH 


Address 
1nputs 
Enable Input 
(Active 
LOW) 
Latch Enable Input 


Outputs 


Voo:: 
Pin 24 


VSS 
::: Pin 
12 
NOTE: 


The 
F latpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 
Dual I~line Package. 


INPUTS 
OUTPUTS 


E 
AO 
A1 
A2 
A3 
°0 
°1 
02 
03 
04 
05 
06 
07 
Os 
°9 
°10 
011 
012 
°13 
0,4 
°15 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
H 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 


L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 


L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


H 
s 
HIGH 
Level 
L 
;; 
LOW 
Level 
EL 
- 
HIGH 


• 


@ 
@ @ 
@ 
@ 
@ 
@ 
@ 0 
CD (0 0 
CD 
@) 
CD 
@ 


015 
0" 
0'3 
012 
011 
010 
09 
08 
07 
D. 
05 
0, 
03 
02 
0, 
00 


VOO"" 
Pin 
24 


VSS 
""Pin12 
0 
:: Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25'C 
XC 
600 
~A 
MAX 
Power 
150 
300 
All inputs at 
100 
Supply 
5 
10 
20 
MIN,25"C 
o V or VOO 
XM 
~A 
Current 
150 
300 
600 
MAX 


AC CHARACTERISTICS 
AND SET-UP REQUIREMENTS: 
VOO as shown, VSS = 0 V, T A = 25'C 
(See Note 21 


LIMITS 
I 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO - 15V ""J"'''O:'''''' 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'pLH 
260 
95 
65 
Propagation 
Delay. An to On 
ns 
'PHL 
260 
95 
65 


'PLH 
260 
95 
65 


Propagation Delay. EL to On 
ns 
'PHL 
260 
95 
I 
65 


200 
70 
50 
CL=50pF, 
'pLH 
Propagation 
Delay. 
E to On 
ns 
RL = 200 kl! 
'pHL 
200 
70 
50 


135 
75 
45 
Input Transitior. 
'TLH 
Output 
Transition 
Time 
ns 
Times 
:s;;:20 ns 
tTHL 
135 
75 
45 


ts 
Set-Up Time, 
An to EL 
60 
20 


! 


15 
ns 
lh 
Hold Time, 
An to EL 
60 
20 
15 


'wEL 
Minimum 
EL Pulse Width 
60 
20 
15 
ns 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


MINIMUM 
EL PULSE WIDTH AND 


SET-UP AND 
HOLD 
TIMES, 
An TO EL 


45158 
1-0F-16 DECODER/DEMULTIPLEXER WITH INPUT LATCH 


DESCRIPTION 
- 
The 4515B 
is a 1-of-16 
Decoder/Demultiplexer 
with 
four 
binary 
weighted 
Address 


Inputs 
(AO-A3), 
a Latch 
Enable Input 
(ELI, 
an active 
LOW Enable Input 
(E) and sixteen 
mutually 
exclusive 
active 
LOW Outputs 
(00-0151. 


When the Latch 
Enable Input 
(EL) 
is HIGH, 
the selected Output 
(00-015) 
is determined 
by the data 
on the Address 
Inputs 
(AO-A31. 
When the Latch 
Enable Input 
(EL) 
gO!!.. LOW, the last data present 


at the Address 
Inputs 
(AO-A3) 
is stored in the latches and the Outputs 
(00-015) 
remain stable. When 
the Enable 
Input (E) is LOW, the selected Output roo-OiS), determined 
by the contents 
of the latch, 


is LOW. When the Enable 
Input 
(E) is HIGH, 
all Outputs 
(00-015) 
are HIGH. 
The Enable Input 
(E) 
does not affect the state of the latch. 


With 
the 
Latch 
Enable 
Input 
(ELI 
HIGH, 
16-channel 
demultiplexing 
results when 
data is applied 
to 
the Enable Input 
(E) and the desired output 
is selected by AO-A3._ The selected Output 
(00-015) 
will 
follow 
the data at the Enable Input (El. All unselected outputs 
(OQ-1Ji5) 
are HIGH. 


• 
LATCH 
ENABLE 
INPUT 
(ACTIVE 
HIGH) 


• 
ENABLE 
INPUT 
(ACTIVE 
LOW) 


• 
BUFFERED 
OUTPUTS 
(ACTIVE 
LOW) 


PIN NAMES 
Ao-A3 
E 
EL 


00-015 


Address Inputs 
Enable Input 
(Active 
LOW) 


Latch Enable Input 


Outputs 
(Active 
LOW) 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
OU81 
In·line 
Package. 
• 


INPUTS 
OUTPUTS 


E 
AO 
Al 
A2 
A3 
00 
01 
02 
03 
04 
°5 
°6 
07 
°B 
°9 
010 
011 
°12 
013 
014 
015 


H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
H 
L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 


L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
- 
HIGH 
Level 
L 
= 
LOW 
Level 
EL 
= HIGH 


@ 
@ 
@) e @ ® ® 
@ 0 
CD 
CD 0 ® 
@ ® 
@ 


61s 
01"4 
013 
012 
611 
010 
09 
Os 
07 
Os 
Os 
0, 
63 
0;; 
0, 
60 


VOD 
= Pin 24 
VSS 
= Pin 12 
0 
= Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
~A 


Power 
150 
300 
600 
MAX 
All inputs 
at 
'DO 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 
XM 
~A 
Current 
150 
300 
600 
MAX 


SY~PARAMETER 


LIMITS 


VDD = 5 V 
VDD = 10 V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation Delay, An to On 
260 
95 
65 
ns 
tPHL 
260 
95 
65 


tpLH 
- 
260 
95 
65 
Propagation 
Delay. 
EL to On 
ns 
tpHL 
260 
95 
65 


I 
200 
70 
50 
CL = 50 pF, 


tpLH 
Propagation Delay. E to On 
ns 
RL = 200 kn 
tPHL 
200 
70 
50 


I 
. 
135 
75 
45 


Jnput Transition 
tTLH 
Output Transition TIme 
ns 
Times 
lIii; 20 ns 
tTHL 
135 
75 
45 
-- 
t ---- 


60 
20 
15 
's iSet-Up Time, 
An to EL 
ns 
th 
Hold Time, 
An to EL 
60 
20 
15 


twEL- 
- 
MInimum 
EL Pulse Width" 
60 
20 
15 
ns 


NOTES, 


1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
2. 
Propagatton 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics 
. 
• 


MINIMUM 
EL PULSE WIDTH 
AND 
SET-UP AND 
HOLD 
TIMES, 
An TO EL 


4516B 
UP /DOWN 
COUNTER 


DESCRIPTION 
- 
The 45168 
is an edge-triggered 
synchronous 
Up/Down 
4-Bit 
Binarv 
Counter 
with 
a 
Clock 
Input 
(CP), an active 
HIGH 
Count 
Up/Down 
Control 
Input 
IUp/On), 
an active 
LOW count 
Enable 
Input 
(eE), an 
asynchronous 
active 
HIGH 
Parallel 
Load 
Input 
(PU, 
four 
Parallel 
Inputs 
(PO·P3), 
four 
parallel 
Outputs 
1°0-03), 
an active 
LOW Terminal 
Count 
Output 
(fC) and an overriding 
asynchronous 
Master 
Reset 
Input 
(MAL 


Information 
on 
the 
Parallel 
Inputs 
(PO-P3) 
is loaded 
into 
the counter 
while 
the 
Parallel 
Load 
Input 
(pL) 
is HIGH, 
independent 
of all other 
input 
conditions 
except 
the 
Master 
Reset 
Input 
(MA) 
which 
must 
be LOW. When the 
Parallel 
Load 
Input 
IPLl 
and the Count 
Enable Input 
ICE) are LOW, the 
counter 
changes on 
the 
LOW·to-HIGH 
transition 
of 
the 
Clock 
Input 
(CP). 
The Count 
Up/Down 
Control 
Input 
IUp/on) determines 
the direction 
of the count, 
HIGH 
for counting 
up, LOW for count- 


ing down. 
W~n 
counting 
up, the 
Terminal 
Count 
Output 
(Tel is LOW 
whe~90 
= 0, 
= 02 = 03 = 
HIGH 
and 
CE = 
LOW. 
When 
~unting 
down 
the 
Terminal 
Count 
Output 
(TC) 
is LOW 
when 00 = 
Q, 
= Q2 = Q3 = LOW and the CE = LOW. A HIGH on the Master Reset Input 
(MRI 
resets the counter 
IQO = Q, 
= Q2 = Q3 = LOW) independent 
of all other input con"itions. 


e 
UP/DOWN 
COUNT 
CONTROL 
e 
SINGLE 
CLOCK 
INPUT 
IL 
·H EDGE·TRIGGERED) 
e 
ASYNCHRONOUSPARALLELLOADINPUT 
e 
ASYNCHRONOUS 
MASTER 
RESET 


MODE SELECTION 
TABLE 


UP/ON 


X 


X 


L 
H 


MODE 


Parallel 
Load (Pn --+ On) 


No Change 


Count 
Down, 
Binary 


Count 
Up, Binary 


MR 
= LOW 
H 
== HIGH 
Level 
L 
== LOW 
Level 


x 
.==- Don't 
Care 
I 
= Positive-Going 


Transition 


LOGIC 
EQUATION 
FOR TERMINAL 
COUNT 


TC=CEeIIUP/DNleQOeQ,eQ2eQ31 
+IIUP/DNleOoeQ,e02eQ31 


NOTE: 
The 
F latpak 
version 
has the 
same 
pin- 


outs 
(Connection 
Diagram) 
as 
the 
Dual 
In-line_Package, 


Parallel 
Load 
Input 
(Active 
HIGH) 


Parallel 
Inputs 


Count 
Enable 
Input 
(Active 
LOW) 
Clock Pulse Input 
IL-H 
Edge·Triggered) 


Up/Down 
Count 
Control 
Input 
Master 
Reset Input 


Terminal 
Count 
Output 
(Active 
LOW) 


Parallel 
Outputs 


CD PL 
@ 
CP 
0_ 
TC 


@ 


UP/ON 


Voo 
= Pin 16 


VSS 
= Pin 
8 
o 
= Pin 
Number 
fi 


LPa 


CP 


T 
a 


PL 
(Parallel 
Load 
Input) 
- 
Asynchronously 
Loads 
Pinto 
Q. Overriding 
all Other 
Inputs 
P(Parallel 
Input) 
- 
Data 
on this 
Pin is Asynchronously 
Loaded 
into 
Q. when 
PL 
is HIGH 
Overriding 
all Other 
Inputs 
T (Toggle 
Input) 
- 
Forces 
the a Output 
to Synchronously 
Toggle 
when 
a HIGH 
is placed 
on this 
Input 
CP 
(Clock 
Pulse 
InpI;Jd 
a. Q (True 
and 
Complementary 
Outputs) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
- 5 V 
VDD 
- 10 V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIf'J 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
~A 
Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
10 
20 
MIN,25°C 
5 
o V or VDD 
XM 
~A 
Current 
150 
300 
600 
MAX 


• 


SYMBOL I 


LIMITS 


PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


- 


tpLH 
150 
350 
62 
160 
41 
128 


Propagation 
Delay. CP to On 
ns 
tPHL 
150 
350 
59 
160 
39 
128 
_._-- - 


tPLH 
. J Propagat Ion Delay. CP to TC 


167 
450 
71 
180 
48 
144 
ns 


252 
650 
100 
245 
66 
196 
~ 
tPLH 
170 
325 
70 
150 
45 
120 
PropagatIon Delay. PL to On 
ns 


tPHL 
220 
425 
90 
195 
62 
156 


tpLH 
- 
225 
500 
170 
210 
105 
168 
PropagatIon Delay. MR to On. TC 
ns 


tPHJ,__ 
~_ 
205 
450 
120 
190 
80 
152 


tTLH 
60 
135 
31 
75 
23 
45 


Output 
Transition 
Time 
ns 
tTHL 
65 
135 
25 
75 
18 
45 
CL =50pF, 
- 


twCP 
CP Minimum 
Pulse Width 
125 
50 
60 
21 
48 
14 
ns 
RL = 200 kn 


twPL 
PL Minimum 
Pulse WIdth 
150 
60 
60 
21 
48 
16 
ns 
Input Transition 
-- 
- -- 


Times •• ~O ns 
twMR 
MR Minimum 
Pulse Width 
150 
60 
60 
30 
48 
20 
ns 
- 
-- -I- 
- 


tree 
MR Recovery Time 
175 
75 
70 
30 
56 
20 
ns 
- 


tree 
PL Recovery 
Time 
150 
62 
60 
24 
48 
17 
ns 


ts 
Set-Up TIme, UP/ON 
to CP 
325 
145 
140 
55 
110 
38 


~Tlme, 
UP/ON 
to CP 
ns 


th 
0 
-90 
0 
-35 
0 
-25 
---- 
ts 
Set-Up TIme, CE to CP 
275 
118 
120 
49 
96 
33 
ns 


th 
Hold Time, CE to CP 
0 
-40 
0 
-15 
0 
-10 


ts 
Set·Up Time, Pn to PL 
70 
29 
30 
11 
24 
8 
ns 
t_h__ 
LHold TIme, Pn to PL 
0 
-40 
0 
-20 
0 
-20 


'MAX 
I Input Clock Frequency 
INote 
3) 
2 
5 
5 
12 
6 
15 
MHz 
- 


NOTES: 
1. 
AddItional 
DC 
Characteristics 
are 
listed 
in this section 
under 
4000e 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 
jJ.Sat 
VOO 
"" 5 V, 
4jJ.s at 
VOO 
c 
10 
V, 
and 
3j.Js at 


VOD"-15V. 


• 
15',ec- 


MR 
~/50% 
\~5_0% 
_ 


45188 


DUAL 4-81T DECADE COUNTER 


DESCRIPTION 
- 
The 4518B 
is a Dual 4-Bit 
Internally 
Synchronous 
BCD Counter. 
Each counter 
has 


both 
an active HIGH 
Clock 
Input 
1CPOIand an active 
LOW Clock 
Input 
1CP11,buffered 
Outputs 
from 
all four 
bit positions 
(00-Q3) 
and an active 
HIGH 
overriding 
asynchronous 
Master 
Reset 
Input 
(MAL 


The 
counter 
advances 
on either 
~ 
LOW-to-HIGH 
transition 
of the CPO Input 
if CPt is HIGH 
or the 


HIGH-to-LOW 
transition 
of the CP1 Input 
if CPa is LOW (see the Truth 
Table!. 
Either 
Clock 
Input 
(CPO. CP1) 
may 
be used as the Clock 
Input 
to the counter 
and the other 
Clock 
Input 
may 
be used 
as a Clock 
Inhibit 
Input. 


A HIGH 
on the Master 
Reset Input 
(MRI 
resets the counter 
(00-03 
= LOW) 
independent 
of the Clock 
Inputs 
(CPa, CP1!. 


• 
TYPICAL 
COUNT 
FREQUENCY 
OF 10 MHz AT VDD = 10 V 
• 
TRIGGERED 
ON EITHER 
A LOW-TD-HIGH 
OR A HIGH-TO-LOW 
TRANSITION 
• 
ASYNCHRONOUS 
ACTIVE 
HIGH 
MASTER 
RESET 
• 
BUFFERED 
OUTPUTS 
FROM ALL 
FOUR 
BIT POSITIONS 


• 
FULLY 
SYNCHRONOUS 
COUNTING 


CPa 
CP1 
MR 
MOuE 


J 
H 
L 
Counter 
Advances 


L 
~ 
L 
Counter 
Advances 
~ 
X 
L 
No Change 


X J 
L 
No Change 


.I 
L 
L 
No Change 


H 
~ 
L 
No Change 


X 
X 
H 
Reset (Asynchronous) 


X 


L 


H-.r. 
"--= 


Don't 
Care 


LOW 
Level 


HIGH 
Level 


Positive-Going 
Transition 


Negative-Going 
Transition 


1/2 OF A 45188 
LOGIC 
DIAGRAM 


00 


(DOA@ 
0, 
00A@ 


CDOA® 


CPO 


CP1 


@OA@ 


Voo 
c= Pin 16 


VSS 
= Pin 8 
o :: 
Pin Number 


NOTE: 
The 
Flatpak 
version 
has the 
same 
pin- 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
In-line 
Package. 


PIN NAMES 


CPOa, CPOb 


CJ>1 a, CJ>1 b 


Clock Input (L - 
H 


(Triggeredl 
Clock 
Input 
(H _ 
L 


Triggeredl 


Master 
Reset 
Inputs 
Outputs 
Outputs 


MRa, MRb 


Cloa-Q3a 


Clob-Q3b 


LIMITS 


SYMBOL 
PARAMETER 


VOO = 5 V 
VOD = 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
BO 
MIN,25°C 
XC 


300 
600 


!J.A 


Power 
150 
MAX 
All inputs 
at 0 V 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
orVDD 
XM 
!J.A 
Current 
150 
300 
600 
MAX 


-- 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5V 
VDD 
= 10V 
VDD 
= 15 V 


UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'PLH 
Propagation 
Delay. 
CPO or CP, 
220 
4BO 
95 
210 
60 
16B 


ns 
'PLH 
to On 
220 
4BO 
95 
210 
60 
16B 
CL=50pF, 


'PHL 
Propagation 
Delay, 
MR to Qn 
220 
480 
90 
210 
60 
168 
ns 
RL = 200 kn 


tTLH 
65 
135 
35 
70 
25 
45 
Input Transition 


Output 
Transition 
Time 
ns 


"THL 
65 
135 
35 
70 
25 
45 
Times 
or;;;; 20 ns 


twMR 
MR Minimum Pulse Width 
lBO 
70 
70 
30 
56 
20 
ns 


twCP 
CPO or CP, 
Minimum 
Pulse 
Width 
275 
120 
120 
50 
96 
35 
ns 


tree 
MR Recovery Time 
40 
15 
25 
5 
20 
0 
ns 


ts 
Set-Up Time, 
CPO to CPl 
275 
130 
125 
57 
100 
40 
ns 


t, 
Set-Up Time, 
CP, 
to CPO 
275 
130 
125 
57 
100 
40 
n, 


fMAX 
Input Count Frequency (Note 3) 
2 
4 
4 
10 
5 
12 
MHz 


NOTES 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 
4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to the 
Clock 
Input 
be less than 
15 1J.Sat V DO 
=. 5 V, 
41J.s at 
V DO 
:c 
10 
V, 
and 
3 1J.sat V DO 
\ 


:: 15 
V. 


CONDITIONS: 
CP, 
:: HIGH 
and the deVice trtggers on a 


LOW-to-HIGH 
transition at CPO. The timing also applies 
when CPO:: 
LOW and the deVice triggers on a HIGH-to- 


LOW transition 
at C'P1. 


• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY. 


VERSUS 
FREQUENCY 
CPO OR CPl 
TO Qn. 


1000 


T~ olj~ C 
1III1 


VERSUS 
LOAD 
CAPACITANCE 


I 350 


fA =125 
C 
~ 
0 
E 100 
V[)D 
1~ V 
0 
, 
"e:. 
~ 
300 
:0 
11; 
I 
0 
1 
,,:- 
~ '0 
~ 
-- 
~ 
-: 
~2S0 
\ ",\..\100 
~ 1.0 
- 


~;.:!;.;.; 


VDD 
lOV 
>. 
- 
z 
, 
~ 200 


~,c-l 
, 
0 


:c 
1111 
'IV 


~ 
150 
;;; 
>: 
6'0-2 
~ 
tplH' tpH\.· 'Joo " 10':-- 


I 
" 
~ 
:::: 
V:;:; 
~ 
100 
~ -- 


tplH. 
tpH\._ VOD " tSV 


010-3 '7 
I 
~ 
..-: 
Cl = 1SpF -- 
, 
50 


10-4 
;.- 
CL" 
SOpF -- 
z 


102 
103 
104 
105 
106 
10' 
~ 


0 


INPUT 
FREOUENCY 
- 
Hz 
0 
20 
40 
60 
80 
100 
120 
'40 
160 


CL 
- 
LOAD 
CAPACITANCE 
- 
pF 


PROPAGATION 
DELAY. 
PROPAGATION 
DELAY. 


CPO OR CPl 
TO Qn. 
MR TO Qn. VERSUS 


VERSUS 
TEMPERATURE 
LOAD 
CAPACITANCE 


l: 400 


CLI. 
15;F 
350 


fA ,,125 
C 
, 


0'= 
350 
~ 
:e 
Ie;300 
~ 


•.......•.•V 
1£ 300 
0 
:e 
'00 
~ 
~250 
0 
~ 
..-- 
0 
- 
V 
u 
250 
:-- 


>.~ 
,: 
-Joo.,l5l~I--' 
u:: 200 
~ 200 
0 
--( 
z 
0 
- 


~ 
150 
z0 
'50 
~ 
>: 
I •••• 
Lol,o, 
" 
~ - 
~ 
~ 
.• 10V -- 
" 
- 
~ 
100 
'00 
:c 
'00 
-~ - 
~ - 
~ 
T 


VOO'" 
1SV 
, 
~ 


, 
50 
z 
50 
r- 
~ 


§ 
0 
0 
; 


-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 
0 
20 
40 
60 
80 
100 
120 
'40 
160 


TA - 
AMBIENT 
TEMPERATURE 
- 
C 
C L - 
LOAD CAPACITANCE 
- pF 


4519B 


QUAD 2-INPUT 
MULTIPLEXER 


DESCRIPTION 
- 
The 45198 provides four multiplexing 
circuits with 
common selection inputs; each 


circuit 
contains two Inputs and one output. 
It may be used to select 
four bits of information 
from one 


of two sources. The A inputs are selected when SA is HIGH, 
the B inputs when S8 is HIGH. When SA 
and S8 are HIGH. 
the output 
12a) IS the logical Exclusive-NOR 
of the An and Bn input 
IZn = An •..• 
) Bn)' 


When SA and S8 are LOW, the output 
IZnl 
15 LOW, Independent 
of the multiplexer 
inputs (An and 
Bnl. The 4519B cannot be used to multiplex 
<lnalog signals. The outputs utilize standard buffers for 
hest 
performance. 


SELECT 
INPUTS 
OUTPUT 


SA 
S6 
An 
6n 
Zn 


L 
L 
X 
X 
L 


H 
L 
L 
X 
L 


H 
L 
H 
X 
H 


L 
H 
X 
L 
L 


L 
H 
X 
H 
H 


H 
H 
L 
L 
H 


H 
H 
L 
H 
L 


H 
H 
H 
L 
L 


H 
H 
H 
H 
H 


H'" 
HIGH 
Level 
L :. LOW 
Level 


X "- Don't 
Care 


SA@ 


S8 e 


AO 0 


80 (2) 


A,0 


8, ® 


A2 (3) 


82 G) 


A3 @ 


83 CD 


NOTE' 
The 
F latpak 
version 
has the 
same pin~ 


outs 
(Connection 
Diagram) 
as 
the 
Dual 
I n-Iine 
Package. 


PIN NAMES 
SA. S6 
Select Inputs (Active 
HIGH) 
Multiplexer 
Inputs 
AO-A3. 
60.63 


ZO-Z3 


-. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25'C 
XC 
"A 
Power 
150 
300 
600 
MAX 
All inputs 
at 


100 
Supply 
5 
10 
20 
MIN,25°C 
o V or VOO 


XM 
"A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO - 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
110 
50 
40 


Propagation 
Delay. 
Sn to Zn 
ns 
tPHL 
110 
50 
40 
CL=50pF, 


tpLH 
110 
50 
40 
RL ='200 kl1 


Propagation Delay. An. Bn to Zn 
ns 
tPHL 
110 
50 
40 
Input Transition 


tTLH 
65 
35 
15 
Times" 20 ns 
Output 
Transition 
Time 
ns 


tTHL 
65 
35 
15 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


45208 


DUAL 4-BIT BINARY COUNTER 


DESCRIPTION 
- 
The 45208 
is a Dual 4-8it 
Internally 
Synchronous 
Binary 
Counter. 
-Each counter 
has both 
an active 
HIGH 
Clock 
Input 
(CPO) and an active LOW Clock 
Input ICP,l. 
buffered 
Outputs 
from al,l four bit positions 
(00-03) 
and an active HIGH overriding 
asynchronous 
Master Reset Input 
(MRl. 


The counter 
advances on either 
~ 
LOW-la-HIGH 
transition 
of the CPO Input 
if CPl is HIGH or the 


HIGH-ta-LOW 
transition 
of the CP, Input if CPO is LOW (see the Truth 
Tablel. 
Either Clock Input 


(CPO. CPl) 
may 
be used as the Clock 
Input 
to the counter 
and the other 
Clock 
Input 
may be used 
asa Clock Inhibit 
Input. 


A HIGH 
on the Master Reset Input 
(MRI 
resets the counter 
(OO·03 = LOW) mdependent 
of the Clock 


Inputs 
(CPO. CP11. 


• 
TYPICAL 
COUNT 
FREOUENCY 
OF 10 MHz AT VDD 
= 10 V 
• 
TRIGGERED 
ON EITHER 
A LOW-TO-HIGH 
OR A HIGH-TO-LOW 
TRANSITION 


• 
ASYNCHRONOUS 
ACTIVE 
HIGH 
MASTER 
RESET 
• 
BUFFERED 
OUTPUTS 
FROM 
ALL 
FOUR 
BIT POSITIONS 


• 
FULLY 
SYNCHRONOUS 
COUNTING 


CPa 
CP1 
MR 
MODE 


J 
H 
L 
Counter 
Advances 


L "- 


L 
Counter 
Advances 


"- 


X 
L 
No Change 


X f 
L 
No Change 
./ 
L 
L 
No Change 


H "- 


L 
No Change 


X 
X 
H 
Reset (Asynchronous) 


X 
Don't 
Care 


L 
LOW 
Level 


H 
'" 
HIGH 
Level 


--1= 
Positive-Going 
Transition 


~= 
Negative·Going 
Transition 


07 


@OA@ 
I 


MA--{>O--O 


(DOA@ 


Voo=Pn16 


VSS 
= P n 8 
o 
= P n Number 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pin- 


outs 
(Connection 
Diagram) 
as 
the 
Dual 
1n-line 
Package. 


PIN NAMES 


CPOa• CPOb 


CPla. CP, b 


Clock 
Input 
IL ~ H 


Triggered) 


Clock 
Input 
IH ~ 
L 
Triggered) 


Master 
Reset 
Inputs 
Outputs 
Outputs 


MRa. 
MRb 
Ooa-03. 
Oob-03b 


• 


LIMITS 


VOO 
5V 
VOO 
lOV 
VOO;15V 
SYMBOL 
PARAMETER 
UNITS 
TEMP 
TEST CONOITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


QUiescent 
20 
40 
80 
MIN,25"C 


XC I--- 
- 
-- 
itA 
Power 
150 
300 
600 
MAX 
All inputs 
at 0 V 


100 
Supply 
5 
10 
20 
MIN,25°C 
or VOO 
XM 
itA 


CurrE'nt 
150 
300 
600 
MAX 


--------- 
------------ 
r-- 


I 
LIMITS 


SYMBOL 
I 
PARAMETER 
V[)[)" 
5 V 
VOO;10V 
VOO-;15V 
UNITS 
TEST CONOITIONS 


I 
MIN 
TYP~ 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
- 
------l- 


IpLH 
PronaQatlon 
Delay, 
CPO or CP, 
220 I 480 
95 
210 
60 
168 
ns 


IpHL 
to On 
220 
480 
95 
210 
60 
168 


IpHL 
Propagation Delay. MR to On 
220 
480 
90 
210 
60 
168 
ns 


tRLH 
65 I 


135 
35 
70 
25 
45 
Output 
TranSltlun 
Time 
ns 
ITHL 
65 
I 135 
35 
70 
25 
45 
CL = 50pF, 


Iw~nlmum 
Pulse Width 
180 
70 
70 
30 
56 
20 
ns 
RL = 200kl1 


~'.ycp· - 
CPO.::lf eFt, Minimum 
Pulse Width 
275 
120 
120 
50 
96 
35 
ns 
Input Transition 


tree 
N1R Recovery 
Time 
40 
15 
25 
5 
20 
0 
ns 
Times" 20 ns 


~s 
Set-Up 
Time. 
CPO to CP, 
275 
130 
125 
57 
100 
40 
ns 


Is 
Set-Up Time, CP, to CPO 
275 
130 
125 
57 
100 
40 
ns 


fMAx~lnput 
Count 
Frequency 
(Note 31 
2 
4 
4 
10 
5 
12 
MHz 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are 
greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 
4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 jJs at 
V DD 
= 5 V. 
4 jJs at 
V DO = 10 
V. 
and 
3 J.Jsat 
V DO 


= , 5 V. 


F\_50.', 
_ 


CONDITIONS: 
CPl 
= HIGH 
and the device triggers on a 


LOW·tc;HIGH 
transition 
at CPO. The timing also applies 


when CPO =- LOWand 
the device triggers on a HIGH-to· 


LOW transition at Pcl. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY. MR TO On. 
VERSUS 
FREOUENCY 
VERSUS 
LOAD CAPACITANCE 


1000 


I 


350 
I 
TA = 25 C 


~ 


< 
TA - 25 C 


100 
I .',~~ 


,,300 


I" 
-- 
V 
'" 
V 
:-' 
~ 
"00'/ 
10 
~<::F' ' 
7- 
f..'" 
~ 250 
~ 
,: 
----- 
~ 


1.0 
~ 200 
0 


~ 
Z 
10-1 
,~~ 
0 
~ 
150 


~QQ'k ~~I 
·~71 
~ 


;;- 
'-' 
- 


~ 
~ 


10-2 
~r 
I 


~ 
" ,Ov 


~/ 


~ 
100 
:..-P2!i- - 


I- 
- 
~ 
10-3 
7' 
Cl" 
15pF 
I 
50 - 
10-4 
Cl" 
50p~)-- - - 


0 


102 
103 
104 
105 
106 
107 
0 
20 
40 
60 
80 
100 
120 
140 
160 


INPUT 
FREQUENCY 
- 
HZ 
Cl 
- 
LOAD CAPACITANCE 
pF 


PROPAGATION 
DELAY. CPO OR CPl 
PROPAGATION 
DELAY, CPO OR CPl 
TO an. VERSUS TEMPERATURE 
• 


TO an. VERSUS 
LOAD CAPACITANCE 
;; 400 
350 
I 
6 
TA~25C 
6 
CL" 
15 pF 
0 
~ 
350 


16 
300 


T 5" 
16 
'" 
300 
'" 
-I- 


0 
g250 
\V\-\\..~ 
0 
~~ 
u 250 
- 


>- - 


>- 
V 
:5200 
.. 
.5" 
~ 
200 
1 


is 
0 


~ 
150 
z 
- 


0 
~ 
~ 150 ...- 


I 
~ 
,OV 
~ 
'-' 
VOO 
- 
'-' 
':"00 
IPLI-'l. tpHL 
~ 
~ 


100 
VoD'" ,OV 
~ 
~ 
- 
IPlt-l. 
WHL. VOD 
,5V 
--- 
-VOO"'lSV 


" 
I 
I 
50 
50 
f 
0 
0 


~ 


-60 -40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 
0 
20 
40 
60 
80 
100 
120 
140 
160 


TA - AMBIENT 
TEMPERATURE 
- 
C 
Cl 
LOAD 
CAPACITANC[ 
pF 
• 


45218 
24-STAGE BINARY COUNTER 


GENERAL 
DESCRIPTION 
- 
The 4521 B is a timing 
circuit 
consisting 
of an on-ehip oscillator 
circuit 
and 
a 24·stage 
binary 
ripple 
counter. 
The 
device 
has two 
Oscillator 
Inputs 
(I, 
and 
12) and two 
Oscilla- 
tor Outputs 
(01 and 02), 
Source Connections 
to the n-channel and p-channel 
transistors 
of the oscilla- 
tor 
circuit 
(SN and 
Spl, 
a Master 
Reset 
Input 
(MR) 
and 
Data 
Outputs 
from 
the 
last seven 
stages 
of the 
24-51age Ripple Counter 
(Q17-Q231. 


The 4521 a, as shown 
in the Block 
Diagram, may be used with 
either an external 
crystal oscillator 
cir- 
cuit, an external 
RC oscillator 
circuit, 
or external clock input. Oscillator 
Output, 
02' 
is availablp. 
for 


driving 
additional 
external 
loads. The oscillator 
circuit 
may be made less sensitive to variations 
in the 


power 
supply 
voltage 
by adding 
external 
resistors 
R1 and R2 ISee Block 
Diagram). 
If these external 
resistors 
are not 
required, 
Source 
Connection 
Sp must 
be tied 
to V DO and Source Connection 
SN 


must be tied to V SS. 


The 24-Stage Ripple Counter 
advances on the HIGH-to-LOW 
transition 
of the clock 
input 
with 
parallel 
Data Outputs 
1017-023) 
from 
the last seven stages available. 


A 
HIGH 
on 
the 
Master Reset Input 
(MR) 
clears all counter 
stages, forcing 
all Parallel 
Data Outputs 
(017-023) 
LOW and disables the oscillator 
circuit, 
independent 
of all other 
inputs. 
This allows 
for 


very low standby 
power dissipation. 


• 
ON-CHIP 
CRYSTAL 
OSCILLATOR 
CIRCUIT 
OR ON-CHIP 
RC OSCILLATOR 
CIRCUIT 
OR 
EXTERNAL 
CLOCK 
INPUT 
• 
MASTER 
RESET 
INPUT 
CLEARS 
ALL 
':OUr'TER 
STAGES 
AND 
DISABLES 
OSCILLATOR 
CIRCUIT 
FOR LOW STANDBY 
POWER 
• 
EXTERNAL 
SOURCE 
CONNECTIONS 
FOR IMPROVED 
TIMING 
STABILITY 
• 
OSCILLATOR 
OUTPUT 
AVAILABLE 
FOR DRIVING 
EXTERNAL 
LOADS 
• 
MASTER 
RESET 
INPUT 
FACILITATES 
DIAGNOSTICS 


PIN NAMES 
11, 12 
Oscillator 
Inputs 


Sp 
Source Connection-to-p-channel 
transistor 


SN 
Source Connection-to-n-channel 
transistor 
MR 
Master Reset Input 


01,°2 
Oscillator 
Outputs 


Q, rQ23 
Data Outputs 


d 


,nu 


", 


\(.:11,I 
K~------~~; 


,., 
----, 
I : 


0' 
---, 
I I I 


C',."." O""IJ~",... 
I 
I 
I 


ToYOOO,Yss 
----<>-- __ 
.,_1_1 
'1 


I I 
® 


OP(~ ----<>-- 
__ ~-I 
01 


~ 


C';ru=' 
C] 
,., ==~ 
I,; 
C.2 
14 
I"' 
I(i~ 


-=- 
R.2 
I 


Cl'lySUt 
I 
I I I 


0, 
I I I I 


To Yo~·~';'~~SCI:.......o... 
~.L.lJ 


0,.- • ......-.o----t-lJ 


f''''''l.,••,•••CloI:.~ 
__ 
~-.J 


01••••'~ 
__ 
..J 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


Vee 
a PIN 16 


VSS" 
PIN B 


o "PIN NUMBER 


4522B·4526B 


PROGRAMMABLE 4-BIT BCD/BINARY DOWN COUNTER 


GENERAL 
DESCRIPTION 
- 
The 4522B/4526B 
is a synchronous 
Programmable 
4-Bit 
BCD/Binary 
Down 
Counter 
with 
an active 
HIGH 
and an active 
LOW Clock 
Input 
(CPO_CP,), 
an asynchronous 
Parallel 
Load 
Input 
IPL), 
four 
Parallel 
Inputs 
IPO-P3), a Carry 
Forward 
Input 
ICFI. 
four 
buffered 
Parallel Outputs 
(00·Q3)' 
a Terminal 
Count 
Output 
(TC) and an overriding 
asynchronous 
Master 
Reset Input 
IMRI. 


Information 
on the 
Parallel 
Inputs 
(PO·P3) is loaded 
into 
the counter 
while 
the Parallel 
Load 
Input 
(pL) 
is HIGH, 
independent 
of all other 
input 
conditions 
except Master Reset Input 
(MR) which 
must 
be LOW_ When the 
Parallel 
Load 
Input 
IpL) 
and the active 
LOW Clock 
Input 
ICP,) 
are LOW,the 
counter 
advances on a LOW~to-HIGH 
transition 
of the active 
HIGH 
Clock 
Input 
(CPO). 
When the 
Parallel Load Input 
(pL) is LOW and th.!.!ctive 
HIGH Clock 
Input 
(CPO' 
is HIGH, 
the counter 
advances 
on a HIGH-ta-LOW 
transition 
of the CP1 Input. 
The Terminal 
Count 
Output 
(TC) is HIGH when the 


counter 
is in the zero state 1°0= 0, 
= 02 
= 03 
= LOW) 
and the Carry Forward 
Input 
ICF) is HIGH. 


A 
HIGH 
on the Master 
Reset Input 
(MR) 
resets the counter 
(00·Q3 
= LOW) 
independent 
of other 
input conditions. 


• 
FULL Y SYNCHRONOUS 
PROGRAMMABLE 
BCD/BINARY 
DOWN 
COUNTER 
• 
CLOCK 
INPUT 
EITHER 
HIGH-TO-LOW 
OR LOW-TO-HIGH 
EDGE-TRIGGERED 
• 
ASYNCHRONOUS 
MASTER 
RESET 
• 
CASCADABLE 
• 
ASYNCHRONOUS 
PARALLEL 
LOAD 


PIN NAMES 


PL 
Parallel Load Input 
PO-P3 
Parallel Inputs 
CF 
Carry Forward 
Input 
CPO 
Clock 
Input 
IL -->t-lEdge-Triggered) 
CP, 
Clock 
Input 
IH->L Edge-Triggeredl 
MR 
Asynchronous 
Master Reset Input 


TC 
Terminal 
Count 
Output 
00-03 
Buffered 
Outputs 


MR 
PL 
cPo 
CP, 
MODE 


H 
X 
X 
X 
RESET 
IASYNCHAONOUSI 


L 
H 
X 
X 
PRESET 
IASYNCHRONOUS) 


L 
L 
J 
H 
NO 
CHANGE 


L 
L 
L 
"- 


NO 
CHANGE 


L 
L 
"- 


X 
NO 
CHANGE 


L 
L 
X 
.r 
NO 
CHANGE 


L 
L 
J 
L 
COUNTER 
ADVANCES 


L 
L 
H 
"- 


COUNTER 
ADVANCES 


X 
DON'T 
CARE 


L 
LOW 
LEVEL 


H 
HIGH 
LEVEL 
.r 
POSITIVE 
GOING 
TRANSITION 


'- 
NEGATIVE 
GOING 
TRANSITION 


ell Po P, P2 P3 


45228/45268 
TC 


NOTE, 
The 
F latpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-Iine 
Package. 


LOGIC 
EQUATION 
FOR 
TERMINAL 
COUNT 


TC = CF .00.1°, 
+ 02 + 03) 


• 


_0 
cpo 


CP CD 


o 


PL 


@ 


MR 


Voo 
PIN 
16 


VSS=PIN8 


=PIN 
NUMBER 


Po 
00 
00 


P, 
® 


cp0 


CP CD 


0) 


PL 


@ 


MR 


PIN 16 


PIN 8 


PIN NUMBER 


PL (Parallel Load Input) 
- 
Asynchronously 
Loads Pinto 
0, Overriding all Other Inputs 
P (Parallel Input) 
- 
Data on this Pin is Asynchronously 
Loaded into Q. when PL is HIGH Overriding all Other Inputs 


T (Toggle Input) 
- 
Forces the Q Output 
to·Synchronously 
Toggle when a LOW is Placed on this Input. 


CP lClock 
Pulse 
Input) 


0, 
Q (True 
and Compllmentary-outputs) 


MR 
(MaSl'er 
Reset 
Input) 


LIMITS 


SYMBOL 
PARAMETER 
VDD: 
5 V 
VDD=10V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
All inputs 
XC 
J.IA 
Power 
150 
300 
600 
MAX 
at 0 V or VDD 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
XM 
J.IA 
Current 
150 
300 
600 
MAX 


- 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
CPO or 
220 
95 
60 
ns 


tpHL 
cP1 to Qn 
220 
95 
60 
ns 


tpLH 
Propagation 
Delay, 
SPa or 
240 
105 
66 
ns 


tpHL 
CP1 to TC 
240 
105 
66 
ns 


tpLH 
Propagation 
Delay. 
CF 
200 
85 
53 
ns 


tpHL 
to TC 
200 
85 
53 
ns 


tpLH 
Propagati on Delay. PL 
220 
90 
65 
ns 


tpHL 
to an 
220 
90 
65 
ns 


'pHL 
Propagation Delay. MR to On 
220 
95 
60 
ns 


tTLH 
Output 
Transition 
65 
25 
18 
ns 
CL = 50 pF, 


tTHL 
Time 
65 
25 
18 
ns 
RL=200kl1 


tree 
MR Recovery 
Time 
15 
5 
0 
ns 
Input 
Transition 


twMR 
MR 
Minimum 
Pulse 
Width 
70 
30 
20 
ns 
I TImes ~20 
ns 


tree 
P L Recovery 
Time 
15 
5 
0 
ns 


twPL 
PL Minimum 
Pulse 
Width 
70 
30 
20 
ns 


twCP 
CP Minimum 
Pulse Width 
120 
50 
35 
ns 


ts 
Set-Up TIme, CF to CLOCK 
150 
50 
35 
ns 


th 
Hold TIme, CF to CLOCK 
100 
40 
25 
ns 


ts 
Set-Up 
Time, 
Pn to P L 
30 
15 
10 
ns 


I 
th 
Hold TIme, Pn to PL 
25 
10 
5 
ns 


th 
Hold TIme, CPO to CP1 
130 
57 
40 
ns 


th 
Hold TIme, CP1 to CPO 
130 
57 
40 
ns 


fMAX 
Input Count Frequency (Note 3) 
4 
10 
12 
MHz 
• 


NOTES' 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Se,ies 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX' 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and less than 
or equal 
to 20 
ns. 


4. 
It is recommended 
that 
input 
rise and 
fall 
times 
to the 
Clock 
Input 
be less than 
15 
J.l.S 
at VOO 
= S V, 41J.s at VOO 
= 10 
V. and 
3J,Js at 
VOO=1SV. 


MINIMUM 
PULSE WIDTHS 
FOR 
CPO AND 
MR AND 
MR RECOVERY 
TIME 


1~_twMR_1 


/50% 
~O% 


------ 
~---------- 


twMRl::::::::l 
~t,.ec 


150% \50% 
------------" 
"'----- 


MIMIMUM 
CPO' PL AND MR PULSE WIDTH, 


RECOVERY 
TIME 
FOR PL AND 
MR, AND 
SET-UP 
AND 
HOLD 
TIMES, 
Pn TO PL 


CONDITlONS:CP 
1 ; 
LOW and the device triggers 
on a 
LOW-to-H 
IGH 
transition 
at CPO' 
The 
timing 
also applies 
when 
CPO = HIG~nd 
the device 
triggers on a HIGH·to- 


LOW transition 
at CPl" MR 
= PL = LOW. 


CONDITIONS:CP1 
= 
LOW 
and 
the 
device 
triggers 
on a 
LOW-to-HIGH 
transition 
at CPO' 
The timing also applies 
when 
CPO = HIGH.-2...nd the device 
triggers on a HIGH-to- 


LOW 
transition 
at CPl' 


PARALLEL 
DATA 
INPUTS 


I 


~ 


~~~~ 
~~t 


" 


c: " ~: 


~:~ " " 
~: 
'" 
0 
0 
§. §. 
0 
0 
~ 
~ 
~ 
~ 


PARALLEL 
LOAD 


....if"'c 
1 
I 


PL 
Po 
P, 
P2 
P3 
PL 
Po 
P, 
P2 
P3 


100Kl1 
L....- 
CF 
CF 


4522B/4526B 
TC 
4522B/4526B 
TC 


o 
" 
CP 
~o 
" 
CP 
CLOCK 
1 
J~ 
-.- 
QO 
Q1 
Q2 
Q3 
Q2 
Q3 
Q4 
MR 
MR 
Q, 


1 
...- 
I 


MASTER 
RESET 
_ •... 
• 


I 
DATA 
OUTPUTS 


45278 
BCD RATE MULTIPLIER 


DESCRIPTION 
- 
The 4527B 
is a BCD Rate Multiplier 
with 
an active LOW Count Enable Input 
lCEl. 


and active LOW a Output 
Enable Input 
lEO), and active LOW OUlput 
Enable Input 
(El. a Clock Input 
(CPL 
four 
Mode 
Select 
Inputs 
(SO·S3), 
a Preset 
to Nine 
Input 
(Pg), 
an asynchronous 
Master 
Reset 


Input 
(MR), 
an active 
L0V!. Count 
Enable Output 
(creEl. 
a Carry Output 
109) and True and Comple' 


mentary 
Data Outputs 
la, 
al. 


When the Master Reset (MRI, 
the Preset to Nine IPgl and the Count Enable (CE) Inputs are LOW, the 
internal 
Synchronous 
4-Bit 
Decade 
Counter 
triggers on a LOW·ta-HIGH 
transition 
at the Clock 
Input 
(CPL 
As shown 
in the Truth 
Table. 
information 
present 
on the Mode Select 
Inputs (5o·S3) determines 
the output 
pulse rate at the Data OUlputs (a and nl. 
For ~ample. 
if S3:S0=LOW 
and S,=S2=HIGH. 
there 
will 
be output 
pulses at the 
Data 
Outputs 
(0 
and Q) for every ten input pulses at the Clock 
Input 
(CP). 
Data outputs 
(Q and Q) are synchronized 
with 
the HIGH-te-LOW 
transition 
at the Clock 
Input 
(CP). When the Count 
Enable Input 
(CE) is HIGH the internal 
BCD Decade Counter 
is disabled 
and no change occurs in the state of the COunter. 


With 
the a 
Output 
Enable Input 
(EO) 
LOW, a Ii!GH 
on the Output 
Enable Input (E) forces Data 
Output 
Q LOW and Complementary 
Data Output a HIGH, 
independent 
of all other input conditions. 
A HIGH 
on the 0 Output 
Enable Input 
EO forces the Data Output 
0 HIGH, 
independent 
of all other 
input conditions. 


The 
Carry 
Output 
(Og) 
goes HIGH 
when the two most significant 
bits of the internal 
BCD Counter 
are HIGH 
and provides 
one output 
pulse for 
every ten 
input 
pulses at the Clock 
Input 
(CP). The 
Count 
Enable Output 
lOCE) 
goes LOW when 
either 
the Count 
Enable 
Input 
ICE) is HIGH 
or the 
Carry 
Output 
(Og) 
is LOW 
and provides one output 
pulse for every 
ten input pulses at the Clock 
Input 
(CP). 


With 
Mode Select Input 
S3 LOW, a HIGH 
on the Master Reset Input (MRI 
resets the two least signifi- 
cant bits of the internal 
BCD 
Counter 
and forces Data Output 
0 LOW, Complementary 
Data Output 
Q HIGH, 
Carry Output 
00 HIGH 
and Count 
Enable Output 
0CE 
LOW. independent 
of Clock Input, 
CPo Count 
Enable Input a and Mode Select Inputs 50.52, With Mode Select Input 53 HIGH, a HIGH 
on the Master Reset Input 
(MR) 
resets the two least significant 
bits of the internal BCD Counter and 
forces Carry 
Output 
Og H!GH 
and Count 
Enable Output 
0CE 
LOW and provides 10 output 
pulses at 
the Data Outputs 
10 and 0) 
for every 10 input pulses at the Clock 
Input 
(CP) independent 
of Mode 
Select Inputs 50.52, 


A HIGH 
on the Preset to Nine Input 
(Pg) resets the two least significant 
bits and sets the two most 
significant 
bits of the internal 
BCD Counter 
and forces Data Output 
Q LOW, 
Complementary 
Data 
Output a HI GH. Carry 
0'!!Put 
Og LOW and Count 
Enable OUlput 
0CE 
HIGH 
independent 
of the 
Clock (CP), Count 
Enable (CE) and Master Reset (MR) inputs. 


4527B 
applications 
include performance 
of arithmetic 
operations, solution of algebraic and differential 
equations, 
generation 
of logrithms 
and trigonometric 
functions 
AID 
and 
DIA 
conversion, 
and fre- 
quency synthesis. 


• 
INTERNAL 
SYNCHRONOUS 
COUNTERS 
• 
COUNT 
ENABLE 
AND OUTPUT 
ENABLE 
INPUTS 
• 
TRUE 
AND 
COMPLEMENTARY 
OUTPUTS 
SYNCHRONIZED 
WITH 
THE 
HIGH·TO·LOW 
TRANSITION 
AT THE CLOCK 
INPUT 


• 
EASY CASCADI NG 
• 
MASTER 
RESET AND 
PRESET TO NINE 
INPUTS 


PIN NAMES 


CE 
Ea 
E 


CP 
50.53 
Pg 
MR 


°CE 
Og 
a 
a 


Count 
Enable Input 
(Active 
LOW) 


a Output 
Enable Input 
(Active 
LOW) 


Output 
Enabie Input 
(Active 
LOW) 


Clock Input 
(L ~H Triggered) 


Mode Seleet Inpu ts 


Preset to Nine Input 


Master Reset Input 


Count 
Enable Output 
(Active 
LOW) 


Carry Output 


Data Output 


Complementary 
Data Output 
(Active 
LOW) 


Voo 
z PIN t6 


VSS 
= PIN 
8 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


INPUTS 
OUTPUTS 


OUTPUT 
LOGIC 
LEVEL 
OR 


NUMBER 
OF OUTPUT 
PULSES 


NUMBER 
OF CLOCK 
- 
-- 
- 
E 
EO 
53 
52 
51 
So 
PULSES 
ON INPUT 
CP 
CE 
MR 
P9 
0 
0 
09 
°CE 


L 
L 
L 
L 
10 
I 
L 
L 
L 
L 
L 
L 
H 
1 
1 


L 
L 
L 
H 
10 
L 
L 
L 
L 
L 
1 
1 
1 
1 


L 
L 
H 
L 
10 
L 
L 
L 
L 
L 
2 
2 
1 
1 


L 
L 
H 
H 
10 
L 
L 
L 
L 
L 
3 
3 
1 
1 


L 
H 
L 
L 
10 
L 
L 
L 
L 
L 
4 
4 
1 
1 


L 
H 
L 
H 
10 
L 
L 
L 
L 
L 
5 
5 
1 
1 


L 
H 
H 
L 
10 
L 
L 
L 
L 
L 
6 
6 
1 
1 


L 
H 
H 
H 
10 
L 
L 
L 
L 
L 
7 
7 
1 
1 


H 
L 
L 
L 
10 
L 
L 
L 
L 
L 
8 
8 
1 
1 


H 
L 
L 
H 
10 
L 
L 
L 
L 
L 
9 
9 


, 


1 
1 


H 
L 
H 
L 
10 
L 
L 
L 
L 
L 
8 
8 
1 
1 


H 
L 
H 
H 
10 
L 
L 
L 
L 
L 
9 
9 
1 
1 


H 
H 
L 
L 
10 
L 
L 
L 
L 
L 
8 
8 
1 
1 


H 
H 
L 
H 
10 
L 
L 
L 
L 
L 
9 
9 
1 
1 


H 
H 
H 
L 
10 
L 
L 
L 
L 
L 
8 
8 
1 
1 


H 
H 
H 
H 
10 
L 
L 
L 
L 
L 
9 
9 
1 
1 
, 


X 
X 
X 
X 
10 
H 
L 
L 
L 
L 
. 
. 
. I . 


X 
X 
X 
X 
10 
~ 
L 
H 
L 
L 
L 
L 
H 


i 


1 


I 


1 


X 
X 
X 
X 
10 
L 
L 
H 
L 
L 
H 
.. 
1 
1 


H 
X 
X 
X 
10 
L 
L 
L 
H 
L 
10 
10 
i 
H 
L 


L 
X 
X 
X 
10 
L 
L 
L 
H 
L 
L 


I 


H 


I 


H 
L 


X 
X 
X 
X 
10 
L 
L 
L 
L 
H 
L 
H 
L 
H 


LOW level 


HIGH 
level 


Don't 
Care 


Output 
Logic 
Level Depends 
upon 
the Internal 
State of the Counter 


Output 
is the same as the first 
16 lines of the Truth 
Table with 
the number 
of Output 
pulses depending 
upon 
the 
logic levels at inputs 
50.53 
I 


45288 
DUAL RETRIGGERABLE RESETIABLE 
MONOSTABLE MULTIVIBRATOR 


DESCRIPTION 
- 
The 
45288 
is a Dual 
Retriggerable 
Resettable 
Monostabte 
Multivibrator. 
Each 
MUltivib~tor 
has an active 
LOW Input Ira). an~ctive 
HIGH 
Input 
(11), an active 
LOW Clear Direct 


Input 
(CO). an Output 
(Q), its Complement 
(Q) and two pins for connecting 
the external 
timing 
components 
(Cext' 
Cext/Rextl. 
An external 
timing capacitor 
must be connected 
between 
Cext and 


Cext/Rext 
and an external 
resistor must be connected 
between 
Cext/Rext 
and VDO- 


A HIGH-ta-LOW 
transition 
on the TO Input 
when the I, 
Input 
is LOW or a LOW-ta-HIGH 
transition 
on the 11 Input when the iQ Input 
is HIGH 
produces a positive 
pulse (L -+ H -+ U on the a Output 
and 
a negative pulse (H -+ L -+ H) on the IT Output 
if the Clear Direct 
Input (CO) 
is HIGH. 
A LOW on the 
Clear 
Direct 
Input 
(CD) 
forces 
the 
Q Output 
LOW, the IT Output 
HIGH 
and inhibits 
any further 
pulses until 
the Clear Direct 
Input 
(CO:) is HIGH. 


• 
RECOMMENDED 
OPERATING 
VOLTAGE, 
VDD 
= 4.5 TO 15 V 
• 
TYPICAL 
OUTPUT 
PULSE 
WIDTH 
VARIATION 
± 3% AT 
VDD 
= 15 V FROM 
DEVICE 
TO 
DEVICE 
• 
TYPICAL 
OUTPUT 
PULSE WIDTH 
STABILITY 
± 1% OVER 
-40·C 
TO +85·C 
TEMPERATURE 
RANGE 
AT VDD = 10 V 


• 
TYPICAL 
OUTPUT 
PULSE WIDTH 
STABILITY 
± 1% AT VD.D = 10 V ±0.25 V RESETTABLE 
• 
TRIGGER 
ON EITHER 
A HIGH-TO-LOW 
TRANSITION 
ON '0 OR A LOW-TO-HIGH 
TRANS- 


SITION 
ON 11 
• 
COMPLEMENTARY 
OUTPUTS 
AVAILABLE 
• 
BROAD 
TIMING 
RESISTOR 
RANGE, 
5 kn 
TO 2 Mn 


• 
OUTPUT 
PULSE WIDTH 
INDEPENDENT 
OF DUTY 
CYCLE 
WITH A WIDE 26 ns TO ~ RANGE 


PIN NAMES 
lOa, lOb 


11a. 
11 b 
CDa, CDb 
°a,Ob 
a;;,Qb 


Cexta, Cextb 
Cext/Rexta, 
Cext/Rextb 


Input 
(H-+L Triggered) 
Input 
(L-+H Triggered) 
Clear Direct 
(Active 
LOW) Input 
Output 
Complimentary 
(Active 
LOW) Output 


External 
Capacitor 
Connections 


External 
Capacitor/Resistor 
Connections 


'0 
11 
CO 
OPERATION 


H~L 
L 
H 
Trigger 


H 
L~H 
H 
Trigger 


X 
X 
L 
Reset 


H 
:: HIGH 
Level 
L 
:: 
LOW 
Level 
H-+L:: 
HIGH-to-LOW 
Transition 
L-+H:: 
LOW·to-HIGH 
Transition 
X 
:: 
Don't 
Care 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


1. An external 
resistor (Rtl 
and external capacitor 
(et1 are required as shov-.:nin the Logic Diagram; The value of Rt may vary from 5 kSl to 
2 MH. 


2. 
The value of Ct may vary from 0 to any necessary value available. If, however, the capacitor has significant 
leakage relative to VDD/Rt 
the 
timing diagrams may not represent the pulse width obtained. 


3. 
Polarized capacitors may be used directly. 
The (+l terminal of a polarized capacitor is connected to pin 2 (14) and the (-I terminal 
to pin 1 


(15). Pin 2 (14) will remain positive with respect to pIn 1 (15l. 


4. 
The output 
pulse width can be determined from the pulse width 
versus Ct or Rt graphs (Figures 1 and 2), 


5. 
To obtain variable pulse width by remote trimming, 
the following 
circuit 
is recommended. 


Atl 
·5 
kO 


PIN2114J~ 
__ ---b 


Ct 
'- 
AS CLOSE 
AS 
POSSIBLE 
TO 
RI2 


PIN 
1 ~~5~~ 
OEV': 
_ 


6. 
Under any operating condition, 
Ct and Rt (minI 
must be kept as close to the Circuit as possible to minimize 
stray capacitance and reduce 


noise pickup. 


7. 
VDO and ground wiring should conform 
to good high frequency standards so that switching transients on V DO and ground pins do not cause 


interaction 
between one shots. Use of a 0.01 to 0.1 J.1F bypass capacitor between V DO and ground located near the 45288 
is recommended. 


8. 
To minimize noise problems, it is recommended that pin 1 and pin 15 be tied externally 
to VSS' 


Triggering 


1. The minimum 
negative pulse width 
into TO is 32 ns at VOO '" 10 V and the minimum 
positive pulse width 
,nto 11 is 32 ns at Vao '" 10 V. 


2. When non-retriggerable 
operation" is required, i.e., when input 
triggers are to be ignored during a quasi-stable state, input latching is used to 
inhibit 
retriggering. 
The device does not retrigger if an additional 
trigger input 
occurs while the capacitor 
IS dischargmg i~)response to the 
initial trigger input. 


3. 
An overriding 
active LOW level Clear Direct (CO) is provided on each multlvibrator. 
8y applying a LOW to the 'CD, any timing cycle can be 


terminated 
or any new cycle inhibited 
until the LOW Clear Input is removed. Trigger inputs will not produce spikes in the output 
when the 


Clear Direct 
Input 
is held LOW. A new cycle initiated 
less than 200 ns after removal of a Clear Direct Input (CD) will not have a standard 
output 
pulse width. 


• 


- 
.._-- 
..... 
,...,., .... '-" 
v DO - 
;.J 
Y 
vDD~'VV 
VDD=l~V 
UNIlS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN. 25°C 
Cext/Rext 
= VDD 
XC 
"A 
Power 
150 
300 
600 
MAX 
All other inputs 
IDD 
Supply 
5 
10 
20 
MIN. 25°C 
atOVorVDD 
XM 
"A 
Current 
150 
300 
600 
MAX 


:=r- 


LIMITS 


PARAMETER 
VDD 
= 5 V 
VDD = 10 V 
VDD= 
15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
iQ to ° 


1 
205 
335 
90 
130 
60 
104 


tpHL 
Propagation 
Delay, 
_ 
ns 
10 to Q 
205 
335 
90 
130 
60 
104 


tpLH 
Propagation Delay, I, to ~ 
205 
335 
90 
130 
60 
104 
CL 
= 50 pF. 
R L = 


ns 
tpHL 
I, to ° 
205 
335 
90 
130 
60 
104 
200 kn, 
Input Tran- 
sition Times" 
20 ns 


tpLH 
Propagation Delay. ~ 
to Q 
145 
230 
60 
85 
40 
68 
Rt = 5 kn 
to 2 Mn 


tpHL 


ns 
Any Ct 
CD to Q 
145 
230 
60 
85 
40 
68 


tTLH 
70 
135 
32 
70 
22 
45 


tTHL 
Output 
Transition 
Time 
ns 


70 
135 
32 
70 
22 
45 


tree 
CO Recovery Time (Note 
1) 
-50 
-90 
-20 
-37 
0 
-25 
ns 


twlO 
TO Minimum 
Pulse Width 
(LOW) 
70 
45 
32 
24 
26 
20 
ns 


twl, 
I, 
Minimum 
Pulse WIdth 
(HIGH) 
70 
45 
32 
24 
26 
20 
ns 


twt:Q 
__ 
"CD Minimum 
PU~ 
Width 
65 
45 
32 
26 
26 
21 
ns 


300 
500 
200 
400 
150 
300 
ns 


twO 
Q Minimum 
Output 
Pulse Width 


Rt - 5 kn, 
Ct - 15 pF 


twO 
Q Output 
Pulse Width 
4.35 I 6.25 
8 I 
4 
5.3 
I 
6.6 I 
4 
I 
5 
I 
6 
'" 
Rt = 10 kn, 
Ct = 1000 pF 


Change in Q Output 
Pulse Width 
'2 
'10 
I 
'1 
I 
nl 
I 
'1 
I 
'5 
% 
., 


TA = _40°C 
to +85°C 
over Temperature 
- 


Change In Q Output 
Pulse Width 
'2 
,4 
'1 
'2 
'1 
±2 
% 


:.1 


10verVDD 
VDD = 5 V ,.25 
V 
VDD = 10 V ±.25 V 
V DD = 15 V ± 25 V 


ts 
Set-Up 
Time. 
Co to 10 or 11 
20 
5 
-25 
-45 
-25 
- 35 
ns 


{To prevent change in outputl 


Rt 
External 
Timing 
Resistor 


5 
2000 
kn 
Any VDD 
Ct 
I External Timing Capacitor 
No limits 
"F 
- 


Notes: 
1. 
The 
45286 
device 
does 
not 
retrigger 
if 
an 
additional 
trigger 
input 
occurs 
while 
the capacitor 
is discharging 
in response 
to the 
initial 
trigger 


input. 


2. 
A new 
cycle 
initiated 
less than 
200 
ns after 
removal 
of a Clear 
Direct 
Input 
('C()l 
will 
not 
have 
a standard 
output 
pulse 
width. 


3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
4. 
Additional 
O. C. Characteristics 
are listed 
in this section 
under 
Fairchild 
40008 
Series 
CMOS 
Family 
Characteristics. 


5. 
To 
minimize 
power 
dissipation 
unused 
multivibrators 
should 
have 
the 
Cextl 
Aext 
Connection 
tied 
to 
VDD, 
the 
Cext 
Connection 
tied 
to 


VSS 
and 
all other 
inputs 
tied 
to either 
VDD 
or VSS. 


6. 
I t is recommended 
that 
Input 
A ,se and 
Fall 
Times 
to inputs 
TQ and 
11 be less than 
15IJs at VOO 
= 5V. 
4IJs at VDO 
= 1OV and 3IJs 
at VDD 
= 15V. 


TYPICAL 
OUTPUT 
PULSE 
WIDTH 


VERSUS 
Rt AND 
Ct 


TYPICAL 
OUTPUT 
PULSE 
WIDTH 
VERSUS 
Rt AND 
Ct 


...a., 


w" 
2 
100 
~":.. 
""zi;:: 


I 


c, 
w 


~ 
1000K 
..•.. 
'"~ 
a: 
" 
Zi 
'OOK 
;:: 


I,x 


'000 


twO 
- 
OUTPUT 
PULSE 
WIDTH 
- 
na 


iQ WITH I, 
lOW 


OR 


11 WITH iQ 
HIGH 


NOTE. Set-up TIme and RecovervTlme are shown 


as Positive values. but may specIfIed as 
Negative 
values. 


• 


The4528B 
Monostable Multivibrator 
hasits pulse width determined by an externally supplied Resistor-Capacitor network. A two step procedure 
is suggested for determing the proper RtCt combination 
(Equation 
1) for a specific pulse width, 


The first step is to choose a capacitor. Figure 1 shows pulse width versus resistor value with the capacitor value as the running parameter. A ca- 
pacitor value is chosen so that the approximate 
resistor value is between 20 kH and 2 MH. Once the capacitor 
IS determined, the timing constant 
(K) is found from Figure 3 for a specific VOO' The resistor value is then determined from Equation 2. If the resistor value is lessthan 20 kn 
the 


timing constant should be increased by 20% and the resistor value re-calculated. The resistor must be larger than 5 kH. 


No upper limit 
on the capacitor 
is required. If a large value of Rt and Ct are to be used the timing between pulses or duty cycle, must be suffi- 


ciently 
low that the capacitor fully charges to V 00' 
Large capacitor values must be sufficiently 
low in leakage that the resistor value can supply 


the leakage of the capacitor and still charge the capacitor close to VOO' 


Three pulse widths of 0.1,1, 
and 10 ms are to be generated with the 4528B using a single capacitor. 


From Figure 1 a capacitor value between 0.01 and.l 
uF would be reasonable. A 0.022.uF capacitor is the only capacItor that is available. 


The timing constant for a 0.022 J,tFat 10 V V 00 
is found from Figure 3 to be approximately 
0.3. 


0.1 ms 


1 ms 


10ms 


15.1 kH 


151.1 
k51 


1.51 M51 


Equation 1: 
P.W. = KRtCt 


Equation 2: 
P.W. = Rt 


K 
Timing Constant 


Ct 
Capacitance (Farads) 


Rt 
Resistance (ohms) 


45318 
13-INPUT PARITY CHECKER GENERATOR 


DESCRIPTION 
- 
The 45318 
is a 13-lnput 
Parity Checker/Generator 
with 
13 ParitY Inputs (10-112) 


and a Panty Output 
(2). When the number of Parity Inpllts 
that are HIGH is even, the Output (Zl is 
LOW. When the number 
of Parity Inputs that are HIGH is odd, the Output 
(Zlts 
HIGH. 
For words of 
12 
bits 
or 
less, 
the 
Output 
(2) 
can 
be 
used 
to 
generate 
either 
odd 
or 
even 
parity 
by 
appropriate 
termination 
of the unused Parity 
Input 
(sl. For words of 14 or more bits, the devices can be cascaded 
by 
connecting 
the 
output 
(2) 
of 
one 
device 
to 
any 
Parity 
Input 
(10-112) of another 
device. 
When 
cascading 
devices, 
it 
IS recommended 
that 
the 
Output 
IZI of one 
device be connected 
to the 
112 


input of the other device 
since 
there is lessdelay to the Output 
(Z) from the 112 input than from any 


other Input 
(10-111). 


• 
VARIABLE 
WORO 
LENGTH 
• 
FULLY 
BUFFEREO 
OUTPUT 
(ACTIVE 
HIGH) 
• 
PARITY 
INPUTS 
(ACTIVE 
HIGH) 


PIN NAMES 


10-112 
Z 


FUNCTION 
Parity Inputs 
Buffered Output 


---- 


INPUTS 
OUTPUT 


10 
11 
12 
13 
14 
15 16 I] 
18 
19 110 
111 
112 
Z 


All Thirteen 
Inputs LOW 
L 


Any One 
Input 
HIGH 
H 


Any Two 
Inputs HIGH 
L 


Any Three 
Inputs HIGH 
H 


Any Four 
Inputs HIGH 
L 


Any FIve 
Inputs HIGH 
H 


Any SIX 
Inputs HIGH 
L 


AllY Seven 
Inputs HIGH 
H 


Any EIght 
Inputs HIGH 
L 


Any Nine 
Inputs HIGH 
H 


Any Ten 
Inputs HIGH 
L 


Any Elewn 
Inputs HIGH 
H 


Any Twelve 
Inputs HIGH 
L 


All ThIrteen 
Inputs HIGH 
H 
--- 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In·line 
Package. 


• 


100) 
11@ 


12 ® 
130 
140) 
150 


16 (2) 


17 @ 


18 @ 


19 @ 


110@ 


111@ 


112 
10 


VOD 
= Pin 
16 


VSS 
= Pin 8 
o 
= Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
XC 
20 
40 
80 
MIN,25°C 
Power 
150 
300 
600 
p.A 
MAX 
All inputs 
at 0 V 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
orVDD 
Current 
XM 
150 
300 
600 
p.A 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10V 
VDD 
= 15 V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, 10.111 to Z 
195 
500 
80 
225 
55 
180 
ns 


tpHL 
195 
500 
80 
225 
55 
180 
ns 
CL=50pF, 


tpLH 
Propagation 
Delay, 
1'2 to Z 
115 
300 
50 
135 
35 
109 
ns 
RL = 200kn 


tpHL 
115 
300 
50 
135 
35 
109 
ns 
Input Transition 


tTLH 
Output Transition Time 
65 
135 
35 
75 
15 
45 
ns 
Times ~ 20 ns 


tTHL 
65 
135 
35 
75 
15 
A5 
ns 


NOTES' 
1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


45328 
8-INPUT PRIORITY ENCODER 


DESCRIPTION 
- 
The 45328 
is an 8-lnput 
Priority 
Encoder with 
eight active HIGH Priority 
Inputs 
(10.17), three active 
HIGH 
Address Outputs 
IAO-A21. an active 
HIGH 
Enable Input 
(Eln), 
an active 


HIGH Enable Output 
(EOutl 
and an active HIGH Group Select Output 
(GSI. 


Data 
is accepted 
on 
the 
eight 
Priority 
Inputs 
1I0-17L 
The 
binary 
code 
corresponding 
to 
the 
highest 
PriOrity 
Input 
(10.17) which is HIGH is generated on the Address Outputs 
(AO-A2) 
if the Enable Input 
IEln' 
is HIGH. 
PriOrity 
Input 
17 is assigned the highest priOrity. 
The Group Select output 
(GSI is 
HIGH 
when one or more Priority 
Inputs (10.17) and the Enable Input 
IElnl 
are HIGH. The Enable 
Output 
(EOut) 
IS HIGH when all the Priority 
Inputs (10-17) are LOW and the Enable Input 
IEln) 
is 
HIGH. The Enable Input IEln) when LOW, forces all Outputs (AO-A2. GS. EOut) LOW. 


PIN 
NAMES 


10-17 


Eln 


EOU! 
GS 


AO-A2 


Priority 
Inputs 


Enable Input 
Enable Output 
Group Select Output 
Address Outputs 


~In 


INPUTS 
OUTPUTS 
-- 
- ---- 
-- 


17 
16 
15 
14 
13 
12 
11 
10 
GS 
A2 
Al 
AO 
EOu• 


L 
I 
X 
X 
X- 
X 
X 
X 
X 
X 
L 
L 
L 
L 
L 
I 


H 
I 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


H 
H 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
L 


H 
L 
H 
X 
X 
X 
X 
X 
X 
H 
H 
H 
L 
L 


H 
L 
L 
H 
X 
X 
X 
X 
X 
H 
H 
L 
H 
L 


H 
L 
L 
L 
H 
X 
X 
X 
X 
H 
H 
L 
L 
L 


H 
L 
L 
L 
L 
H 
X 
X 
X 
H 
L 
H 
H 
L 


H 
L 
L 
L 
L 
L 
H 
X 
X 
H 
L 
H 
L 
L 


H 
L 
L 
L 
L 
L 
L 
H 
X 
H 
L 
L 
H 
L 


H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 


X::o Don't 
Care (Either 
HIGH 
or 
LOW) 


L 
"" LOW 
Level 
H "" HIGH 
Level 


VDD"" 
Pin 
16 


VSS 
"" Pin 8 
• 


NOTE: 
The 
Flatpak 
version 
has the 
same pin- 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
In·line 
Package. 


'0 @ 


,,@ 
® 
AD 


'2 @ 


'3 @ 


'4 CD 


0A1 


'S CD 


'6 G) 


',0 


® 
A2 


FIn ® 


@ GS 


VDD 
= Pin 16 


VSS = Pin 8 
0= 
Pin Number 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO= 
10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
BO 
MIN,25°C 
XC 
600 
"A 
Power 
150 
300 
MAX 
All inputs at OV 
100 
Supply 
5 
10 
20 
MIN,25°C 
orVOO 
XM 
"A 
Current 
150 
300 
600 
MAX 


LIMIT 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
B5 
200 
45 
90 
35 
70 
Propagation Delay, 
Eln to EOut 
ns 
tpHL 
B5 
200 
45 
90 
35 
70 


tpLH 
65 
150 
35 
70 
25 
56 
Propagation 
Delay. 
Eln 
to GS 
ns 
tpHL 
65 
150 
35 
70 
25 
56 
CL = 50pF, 


tpLH 
Propagation 
Delay, 
Eln 
to An 
70 
200 
35 
90 
30 
70 
RL = 200kn 
ns 
tpHL 
70 
200 
35 
90 
30 
70 
I 
Input Transition 


tpLH 
Propagation 
Delay. 
In to An 
70 
200 
35 
90 
30 
70 
ns 
Times 
~ 20 ns 


tPHL 
70 
200 
35 
90 
30 
70 


tpLH 
Propagation 
Delay. 
I n to GS 
75 
' 200 
40 
90 
31 
70 
ns 
tpHL 
70 
200 
35 
90 
28 
70 


tTLH 
65 
135 
35 
75 
15 
45 
Output 
Transition 
Time 
ns 
tTHL 
65 
135 
35 
75 
15 
45 


NOTES' 
1. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characterisitcs. • 


45348 


DESCRIPTION 
- 
The 
4534B 
is a Aeal 
Time 
5-Decade 
Counter. 
Consisting 
of five 
BCD 
Ripple 
Counters with 
their 
respective outputs 
multiplexed 
via a non-chip 
Scan Counter 
and a Quad 5-lnput 
Multiplexer. 
Select 
Inputs 
(SO and 51) 
and the associated control 
logic provide 
for 
four 
different 
modes 
of 
operation 
as shown 
in the 
Mode 
Selection 
Table. 
An error 
detection 
circuit 
with 
pro- 
grammable 
time delay 
is also included 
to facilitate 
input 
signal diagnostics. The 45348 
is specifically 
designed for applications 
in real time 
or event counters 
where 
continual 
updating 
and multiplexed 
displays 
are used. 


Th~ 5-Decade 
BCD 
Ripple 
Counter 
advances on a LOW-fa-HIGH 
transition 
at the Clock 
Input 
(CPl. 
An error detection 
circuit 
searches for a logic transition 
on Clock Input CP that is complementary 
to 
the logic transition 
on Clock Input CPoWhenever, a LOW-to-HIGH 
transition 
at CP is not accompanied 
by a HIGH-to-LOW 
transition 
at CP (or vice-versa) within 
a time period determined 
by the external 
timing 
capacitor 
(Cx) an error 
is counted 
by the error detection 
circuitry. 
Three such errors force the 
Error 
Output 
(DE) 
HIGH. 
If error detection 
is not required, 
Clock 
Input 
CP must be tied to either 
VDD 
or 
VSS and 
External 
Capacitor 
Connections, 
CX1 
and CX2' 
and 
Error 
Output, 
0E 
must be 
left 
open. 


Data Outputs 
from 
the five BCD Ripple 
Counters are fed into a Ouad 5-lnput 
Multiplexer. 
The Scan 
Counter 
advances on a LOW-to-HIGH 
transition 
at the 
Scan Counter 
Clock 
Input 
(CPS). 
Outputs 
from 
the Scan Counter 
feed into the mUltiplexer 
selecting, in turn, one of the five BCD digits for time 
multiplexing 
to 
the BCD 
Counter 
Outputs 
(00-03), 
Digit 
Select Outputs 
(DSO-DS4) from 
the Scan 
Counter 
are also available 
to 
indicate 
the selected digit. 
A HIGH 
on the Output 
Enable 
Input 
(EO) 
forces the BCD Counter 
Outputs 
(°0-°3) 
to assume a high impedance 
or "OFF" 
state, regardless of 
other 
input 
conditions. 
A 
HIGH 
on the 
Digit 
Select 
Output 
Enable 
Input 
(EODS) 
forces the Digit 
Select 
Outputs 
(OSO-054) 
to assume a high impedance 
or "OFF" 
state, 
regardless of other 
input 
conditions. 
A Ripple 
Carry 
Output 
(Cn+4) 
from 
BCD 
Ripple 
Counter 
4 allows for easy cascading. 


Input 
Cn+4 
is HIGH 
for a single clock period when 
the outputs 
from 
all five BCD Ripple 
Counters 
are LOW 
or when 
the 
BCD 
Counter 
Master 
Reset 
Input 
(MR) 
is HIGH. 
A HIGH 
on the MR 
input 
resets all five BCD 
Ripple 
Counters 
100 
= 01 
:= 02 
::::03 
::::LOW) 
and initializes 
all Error 
Detection 
(OE ::::LOW) 
and 
Control 
Logic independent 
of all other 
input 
conditions. 
A 
HIGH 
on the Scan 
Counter 
Master 
Aeset 
Input 
(MRS) 
resets the Scan Counter 
(OSO = OS, = OS2 = DS3 = LOW and 
OS4:::: HIGH) 
independent 
of all other inputs. 


• 
5-DECADE 
COUNTER 
WITH 
DIGIT 
MUL TIPLEXING 
TO THE OUTPUT 
• 
FOUR OPERATING 
MODES 
• 
ERROR 
DETECTION 
CIRCUIT 
• 
3-STATE 
OUTPUT 
ENABLES 
FOR 
BOTH 
DIGIT 
SELECT 
AND 
BCD COUNTER 
OUTPUTS 
• 
ASYNCHRONOUS 
MASTER 
RESET FOR BOTH BCD AND SCAN COUNTERS 
• 
FULLY 
CASCADABLE 


PIN NAMES 


SO' S1 
CP,CP 


CPS 
EO 


EODS 
MA 


MAS 


CX1' CX2 
°E 


Cn+4 
DSO-DS4 
00-°3 


Mode Select Inputs 


True and Complementary 
BCD Counter 
Clock Inputs 


Scan Counter 
Clock Input 


Output 
Enable (Active 
LOW) 
Input 


Digit 
Select Output 
Enable (Active 
LOW) 
Input 


BCD Counter 
Master Reset Input 


Scan Counter 
Master Reset Input 


External 
Capacitor 
Connections 


Error Output 


Ripple Carry Output 


Digit Select Outputs 


BCD Counter 
Outputs 


2. 


MA 
CP 
23 


°E 
CX2 
22 


CP 
EO 
21 


So 
°0 
20 


S, 
0) 
19 


DSO 
°2 
18 


DS, 
°3 
17 


MAS 
DS3 
16 


10 
CPS 
EODS 
15 


11 
DS. 
DS2 


" 
12 
vSS 
Cn+4 
13 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


INPUTS 
OUTPUTS 
FROM 
RIPPLE 
CARRY 
INPUT 
TO RIPPLE 
COUNTER 
1 
OPERATION 


So 
S1 
COUNTER 
0 


L 
L 
Normal 
Counter 
and Display 
At the 9-to-o 
transition 
of A ipple Counter 
0 
5-Decode 
BCD Ripple 
Counter 


Inhibited 
Clock 
Input 
CP 
Test Mode: 
Clock 
Input 
CP directly 
into Ripple 
L 
H 
Counters 0, 1 and 4 


Inhibited 
At the 4-to-5 transition 
of Ripple Counter 0 
4-Decade Counter 
with 
Roundoff 
at Ripple 
H 
L 
Counter 
0 


Counts 3, 4, 5, 6, 7 = 5 
At the 7-to-8 transition 
of Ripple Counter 0 
4-Decade 
Counter 
with 
Yo.: Pence Capability 
H 
H 
Counts 8, 9, 0,1,2 
= 0 
• 


45388 
DUAL RETRIGGERABLE RESETIABLE 
MONOSTABLE MULTIVIBRATOR 


DESCRIPTION 
- 
The 45388 
is a Dual Precision Retriggerable 
Resettable 
Monostable 
Multivibrator. 
Each 


Multivibrator 
has an active LOW Input 
(ToL an~ctive 
HIGH 
Input 
(I,), 
an active LOW Clear Direct 
Input <CO), an Output 
(Ol. its Complement 
(Q) and two pins for connecting 
the 
external 
timing 
components 
(Cext' 
Cext/Rext). 
An external 
timing capacitor must be connected 
between Cext and 
Cext/Rext 
and an external 
resistor must be connected 
between 
Cext/Rext 
and VOO. 


A HIGH-ta-LOW 
transition 
on the TO Input when the I, 
Input 
is LOW or a LOW-to-HIGH 
transition 


on the I, 
Input when the fQ Input 
is HIGH produces a positive pulse (L ....•H ;. 
L) on the Q Output 
and 
a negative pulse IH -+ L -+ H) on the IT Output 
if the Clear Direct 
Input (co:) is HIGH. A LOW on the 


Clear Direct 
Input 
(CO) 
forces the 
Q Output 
LOW, the <:i Output 
HIGH 
and inhibits 
any further 


pulses until 
the Clear Direct 
Input (CD) is HIGH. 


• 
RECOMMENDED 
OPERATING 
VOLTAGE. 
VDD = 4.5 TO 15 V 


• 
TYPICAL 
OUTPUT 
PULSE 
WIDTH 
VARIATION 
± 0.5% AT VDD 
=15V 
FROM 
DEVICE 
TO 
DEVICE 


• 
TYPICAL 
OUTPUT 
PULSE 
WIDTH 
STABILITY 
± 0.5% OVER 
_40°C TO +85°C 
TEMPERA· 
TURE 
RANGE 
AT 
VDD 
= 10 V 


• 
TYPICAL 
OUTPUT 
PULSE WIDTH 
STABILITY 
± 0.5% AT VDD = 10 V ± 0.25V 


• 
RESETTABLE 


• 
TRIGGER 
ON EITHER 
A HIGH-TO-LOW 
TRANSITION 
ON TO OR A LOW·TO·HIGH 
TRANS· 
SITION 
ON 11 


• 
COMPLEMENTARY 
OUTPUTS 
AVAILABLE 


• 
OUTPUT 
PULSE WIDTH 
INDEPENDENT 
OF DUTY 
CYCLE 


PIN NAMES 
i(i•. i(ib 
11•• lIb 
CO•• COb 
Q•• Qb 
a..Ob 


Cexta, Cextb 
Cext/Rexta, 
Cext/Rextb 


Input 
(H-L 
Triggered) 


Input 
(L-H 
Triggered) 
Clear Direct (Active 
LOW) Input 
Output 
Complimentary 
(Active 
LOW) Output 
External Capacitor Connections 
External Capacitor/Resistor 
Connections 


10 
11 
CO 
OPERATION 


H~L 
L 
H 
Trigger 


H 
L~H 
H 
Trigger 


X 
X 
L 
Reset 


H 
= HIGH 
Level 


L 
= 
LOW 
Level 


H-L 
= HIGH-to-LOW 
Transition 
L-H 
= LOW-to-HIGH 
Transition 
X 
= Don't 
Care 


NOTE. 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-Iine 
Package. 


45398 
DUAL 4-INPUT MULTIPLEXER 


DESCRIPTION 
- 
The 
45398 
is a Dual 4-lnput 
Digital 
Multiplexer 
with 
common 
select logic. Each 


multiplexer 
has four 
Multiplexer 
Inputs 
(10-131, an active LOW Enable Input 
(E) 
and a Multiplexer 
Output 
(ZI. 
When HIGH, 
the 
Enable Input 
(E) forces the Multiplexer 
Output 
(ZI of the respective 
multiplexer 
LOW, independent 
of the Select (SO' 5, I and Multiplexer 
(10.13) Inputs. With the Enable 
Input 
(EI 
LOW, the common 
Select Inputs 
(50,5,1 
determine 
which 
Multiplexer 
Input 
(10-131on 


each of the multiplexers 
is routed to the respective Multiplexer 
Output 
(2). 


PIN 
NAMES 


lOa, I'a, 
12a, 13a 
lOb, I'b, 
12b, 13b 
SO' S, 
Ea, Eb 
Za, Zb 


Select Inputs 
Enable Inputs (Active 
LOWI 


Multiplexer 
Outputs 
• 


INPUTS 
OUTPUT 


So 
5, 
E 
Z 


X 
X 
H 
L 


L 
L 
L 
10 


L 
H 
L 
I, 


H 
L 
L 
12 


H 
H 
L 
13 


H = HIGH 
Level 


L"" 
LOW 
Level 


X = Don't 
Care 


Voo 
= Pin 16 


VSS 
"" Pin 
8 
o 
= Pin Number 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD = 10 V 
VDD 
- 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
~A 
All inputs at 
Power 
150 
300 
600 
MAX 


IDD 
Supply 
5 
10 
20 
MIN,25°C 
o Var 
VDD 


XM 
~A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IpLH 
166 
375 
71 
160 
51 
125 


Propagation 
Delay. 
IX to Z 
ns 
IPHL 
140 
350 
58 
140 
40 
110 


IPLH 
210 
470 
88 
190 
62 
150 
CL=50pF, 


Propagation 
Delay. 
Select to Z 
ns 
IpHL 
210 
470 
88 
190 
62 
150 
RL =200 kn 


IpLH 
Propagation 
Delay. E to Z 


120 
275 
53 
110 
37 
85 
Input Transition 


ns 
IPHL 
118 
275 
51 
110 
38 
85 
Times < 20 ns 


ITLH 
76 
135 
39 
75 
29 
45 
Output 
Transition 
Time 
ns 
ITHL 
66 
135 
30 
75 
22 
45 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


45438 
BCD TO 7-SEGMENT LATCH/DECODER/DRIVER FOR 
uauID CRYSTALS 


DESCRIPTION 
- The 4543B 
is a BCD to 7-Segment Latch/Decoder/Driver 
for Liquid 
Crystal 
Displays 
with 
four 
Address 
Inputs 
(AO-A31. a Latch Enable Input 
(Ell, 
a Blanking 
Input 
(lB)' 
a Clock Control 
Input 
(CP), and seven Segment Outputs 
(a-g). 


When the 
Latch 
Enable Input 
(Ell 
is HIGH, 
the state of the Segment Outputs 
(a-g) is determined 
by 
the 
data on the four 
Address 
Inputs 
(AO-A3) 
and the Clock 
Control 
Input 
(CP). For driving 
Liquid 
Crystal 
Displays. 
a square 
wave 
must 
be 
applied 
to 
the 
CP 
input 
and 
to 
the 
electrically 
common 
backplane 
of the display. 
For common 
Cathode 
LED displays a LOW logic level must be applied 
to the 
CP input. 
For common 
anode LED displays a HIGH 
logic level must be applied to the CP input. 
When 


the 
Latch 
Enable 
Input 
tEL) 
goes 
LOW. the last data 
present 
at the address 
Inputs 
(AO-A3) 
is stored 
in 
the 
latches 
and 
the 
Segment 
Outputs 
(a-g) remain 
stable. 


A HIGH 
on the Blanking 
Input 
(lB) 
forces all Segment Outputs 
(a-g) LOW. The Blanking 
Input 
(I B) 
does 
not 
affect 
the 
latch 
circuit. 


• 
BLANKING 
INPUT 
• 
MULTIPLEXING 
CAPABILITY 
• 
LCD DISPLAY 
OR COMMON 
ANODE 
OR COMMON 
CATHODE 
LED DISPLAY 
CAPABILITY 


• 
BLANKING 
ON ALL 
ILLEGAL 
INPUT 
COMBINATIONS 


PIN NAMES 


AO-A3 
EL 


IB 
CP 


Address 
(Data) 
Inputs 


Latch Enable Input 


Blanking 
Input 


Clock Control 
Input 


Segment 
Outputs 


INPUTS 
OUTPUTS 


CP' 
EL 
IB 
A3 
A2 
A1 
AO 
a 
b 
c 
d 
e , 
g 
DISPLAY 


L 
X 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
BLANK 
- 


L 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 
~- 


H 
-,.----- 
L 
H 
L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 


L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
2 


L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


L 
H 
L 
L 
H 
L 
L 
L 
-H 
H 
L 
L 
H 
H 
4 


L 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 


L 
H 
L 
L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
6 


L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


L 
H 
L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
B 
-- 


L 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
9 


L 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 
-- 
- 
- 


L 
H 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
H 
L 
H 
H 
H 
H 
L , 
L 
L 
L 
L 
L 
L 
BLANK 


L 
L 
L 
X 
X 
X 
X 
.. 
.. 


H 
... ... ... 
Inverse of the above Output Combinations 
Display as Above 


H"" 
HIGH 
Level 
L - 
LOW 
Level 


X - Don't Care 
• - 
For 
Liquid 
Crystal 
displays 
a square 
wave 
is applied 
to CPo For common 
cathod 
Light 
Emitting 


Diode 
displays 
a LOW 
logic 
level 
is applied 
to 
CPo 
For common 
anode 
Light 
Emitting 
Diode 
displays 
a HIGH 
logic 
level is applied 
to 
CPo 


•• 
'" Depends 
upon 
the BCD Code applied 
during 
the H IGH·to-LOW 
transition 
of E L . 


••• 
'" The above combinations 
of logic 
levels. 


VDD 
= PIN 16 


VSS 
= PIN 
8 


Note: The flatpack 
version has 
the same pinouts 
(Connection 
Diagram) as the Dual In-Line 
Package. 


OISPlAY 
= 


• 


45538 
3-DIGIT 
BCD COUNTER 


FAIRCHILD CMOS LSI 


DESCRIPTION 
- 
The 45538 
IS a 3-01glt 
Internally 
Synchronous 
BCD Counter 
with 
three synchro- 


nously 
cascaded BCD Counters, 
three Quad Latches, a Quad 3·lnput 
Multiplexer, 
and an internal Scan 


Oscillator 
and Scan Counter 
for Internal 
multiplexer 
selection. 


The devIce 
has an active 
LO~Clock 
Input 
(CPO) and an active HIGH Clock 
Input Ie?,), an active 


LOW 
Latch 
Enable 
Input 
fEL), 
two 
External 
Capacitor 
Connections 
(Cxa' 
Cxbl. 
a 
Master 
Reset 
Input 
IMR). 
three active 
LOW Olgl! 
Select Outputs 
IDSOO·DS021. 
four 
Data Outputs 
1°0.°3) 
and a 


Terminal 
Count 
Output 
{Tel. 


The 
three 
synchronously 
cascaded 
BCD 
Counters 
advance 
on 
either 
the 
HIGH-la-LOW 
transition 
of 
the 
CPO Input 
If CP1~ 
LOW or 
the 
LOW-lo-HIGH 
transition 
of 
the 
CP, 
Input 
if CPO is HIGH 
Either 
Clock 
Input 
(CPO or 
CP,) 
'TIay be used as the 
Clock 
Input 
to 
the counters 
and the other 
Clock 
Input 
may 
be used as a Clock 
Inhibit 
Input 
provided 
certain 
constraints 
are observed. 
If CP, 


is used or 
an 
Inhibit 
input, 
it 
should 
go HIGH 
while 
CPO is LOW; 
otherwise, 
the 
LOW-to-HIGH 


transition 
of CP, 
WI:1 be interpreted 
as a clock 
and the counter 
will 
advance. Similarly, 
if CPO is used 
as an mhiblt 
mput, 
it should go LOW only 
when CP, is HIGH. 
A Quad Latch at the outpu!..£.! each of 
the three 
BCD Counters 
allows 
storage of any given count 
with 
the Latch 
Enable 
Input 
(EL) 
HIGH. 
Outputs 
from 
the three Quad 
Latches are fed into 
a Quad 3-lnput 
Multiplexer. 
An external 
capacitor 


(Cx) 
tied 
between 
the 
External 
Capacitor 
Connections 
ICxa' 
Cxb) 
or an external 
clock 
tied to Cxb 


determines 
the frequency 
of an on-chip 
Scan Oscillator. 
The output 
of the Scan Oscillator 
is fed into 
a Scan Counter 
which 
provides 
one of 
three 
Select 
Inputs 
to 
the Quad 3-tnput 
Multiplexer. 
Thus, 
data at the outputs 
of 
each of 
the three 
Quad 
Latches 
IS internally 
time 
division 
multiplexed, 
pro- 


Viding one digit 
at a time at the four 
Data Outputs 
(00'03). 
The frequency 
of the multip~peration 


may be determined 
by either Cx or an external 
clock. 
Active 
LOW Digit Select Outputs 
(OSOO-OS02) 
are provided 
for 
display 
control. 
A Terminal 
Count 
Output 
(TC) 
is provided 
for 
cascading 4553B 


deVices. TC is HIGH 
when the state of the counters 
IS .999 
100 = Q, 
= 02 = 03 = TC = LOW for all 
BCD Counters), 
Inhibits 
the Scan Oscillator 
and initlaliz~e 
Scan Counter 
(00 
= HIGH, 
0, 
= 02 = 
LOW) 
and 
forces 
all three 
Digit 
Select Outputs 
(0500-0S02) 
HIGH 
independent 
of all ot~ 
input 


conditIons. 
Information 
present 
in the three 
BCD Counters 
when the Latch 
Enable 
Input 
(ELI 
goes 


HIGH 
will 
be stored 
In the 
three 
Quad 
Latches 
independent 
of 
all other 
input 
conditions. 
This 


information 
may 
be recovered 
after 
a master 
reset provided 
the 
Latch 
Enable 
Input 
(EL) remains 
HIGH during 
the entire 
reset cycle. 


The 45538 
offers 
TTL 
compatible 
output 
drive capabilities. 


• 
TTL COMPATIBLE 
OUTPUTS 
• 
ON-CHIP SCAN OSCILLATOR 
• 
. TRIGGERED 
ON EITHER 
A LOW·TO·HIGH 
OR A HIGH·TO·LOW 
TRANSITION 
• 
INTERNAL 
TIME 
DIVISION 
MUL TIPl 
EXING 


• 
OUTPUT 
LATCHES 
• 
MASTER 
RESET INPUT 
• 
FULLY 
CASCADABLE 


PIN NAMES 


Cxa' Cxb 
CPa 
CP, 
EL 
MR 


DSOO' DSO,. 
DS02 
°0'°3 


External 
Capacitor 
Connections 


Clock 
Input 
(H~·L Edge Triggered) 


Clock 
Input 
(L .....•. 
H Edge Triggered) 


Latch Enable Input 
(Active 
LOW) 


Master Reset Input 


Digit 
Select Outputs 
(Active 
LOW) 


Data Outputs 


NOTE: 


The 
F latpak 
version 
has the same pin- 


outs 
(Connection 
Diagram) 
as 
the 
Dual 
I n-Iine 
Package. 


INPUTS 
OUTPUTS 


MR 
CPO 
CP1 
EL 
00-°3 


L 
~ 
L 
L 
NO CHANGE 


L 
~ 
L 
L 
COUNTER 
ADVANCES 


L 
X 
H 
X 
NO CHANGE 


L 
H 
~ 
L 
COUNTER 
ADVANCES 


L 
H 
~ 
L 
NO CHANGE 


L 
L 
X 
X 
NO CHANGE 


L 
X 
X 
H 
LATCH 
NOT 
ENABLED 


H 
X 
X 
X 
RESET 
(00-03=LOW) 


HIGH 
Level 


LOW Level 


Don't 
Care 


-.-r- = 
LOW-to-HIGH 
Transition 


~ 
= 
HIGH-to-LOW 
Transition 


@CPo 
@CPl 
°0 


E, 


"0 
'0 
5, 
5, 


0, 
QUAD 
0, 
}. 
D2 LATCH 
02 
0, 
0, 
'0 


QUAD 


3 INPUT 
MULTIPLEXER 


E, 
" 
00 
°0 


lb 


0, 
Lo...UT~~0, 


°2 
02 
0, 
0, 


" 


°0 


E, 
°0 
o,® 


l' 


" 
D, 
QUAD 
0, 


D.-LATCH 
02 


0, 
0, 
0. 
°b 


0, 


VOO'" 
Pin 
16 


VSS 
::: Pin 
8 


0 
'" Pin 
Number 


TC 
y 


@ 
® 
~o 
DSO, =, 
0 
(i) 
® 


7-205 


• 


----F-- -~- 
LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
~~~V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 
-- 
~ 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


3.6 
6 
10 
MIN,25"C 


Output 
LOW 
XC -- 


3 
8.4 
MAX 
2 


Current 
For 
1.6 
2.5 
7 
MIN,25"C 


I 
mA 


I All Outputs 
3 
6.2 
19 
MAX 


"''''''''''1'·' ,., 


5 
15 
MIN,25°C 
Inputs at VSS or VOO 
per the 


L-_ 
1.6 
3.5 
10 
MAX 
Logic Function 
or Truth 
Table, 


IOL 


~3 
0.6 
1.8 
MIN,25°C 
VOUT 
= 0.4 V for VDD 
= 5 V, 


XC 
0.20 
0.5 
1.5 
MAX 
VOUT = 0.5 V for VDD = 10 V, 


;Output 
LOW 
: 
~ 
and VOUT 
= 1.5 V for VDD 
= 15 V 


, 
I 
0.16 
0.4 
1.2 
MIN,25°C 
Current 
For I 
mA 
0.5 
0.4 
0.28 
MAX 
Cexta 


MIN,25°C 
XM 
1.1 
0.9 
0.65 


4.2 
3.4 
2.4 
MAX 
-- 
~ 
I 
MIN,25°C 
Quiescent 
32.5 
65 
130 


Power 


,XC 


250 
500 
1000 
~A 
MAX 
'DD 
8.75 
17.5 
35 
MIN,25°C 
All Inputs at 0 V or VDD 


~SUPPIY 
XM 
~A 
Current 
250 
500 
1000 
MAX 


--i-- 
LIMITS 


SYMBOL 
I 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 
-I 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
540 
300 
180 
CPo or CPl to Qn 
180 
ns 
tPHL 
540 
300 


tpLH 
Propagation 
Delay. 
360 
240 
120 
- 
ns 
tPHL 
CPO or CPl to TC 
360 
240 
120 


540 
300 
180 


tPHL 
Propagation 
Delay. MR to On 
ns 
540 
300 
180 


j Propagation Delay. MR to TC 
360 
240 
120 


tPHL 
240 
ns 
360 
120 
----------- 
CL = 50 pF, 


tTLH 
90 
42 
30 
Output Transition Time 
ns 
RL = 200 kn 


tTHL 
42 
24 
18 


MR Recovery Time 
20 
15 
10 
Input Transition 


tree 
ns 
Times •• 20 ns 


twMRIHI 
MR Minimum Puls~ Width (HIGH) 
150 
100 
70 
ns 


twCP 
CPO or CP, 
Minimum 
Pulse 
Width 
75 
50 
35 
ns 


twELILI 
EL Minimum 
Pulse Width 
ILOWI 
40 
25 
15 
ns 


ts 
Set·Up Time, CPO to CPl 
130 
57 
40 
ns 


'-'- 
Set-Up Time, CPl to CPO 
130 
57 
40 
ns 


L. 
Set-Up Time, CPO or CPl to E L 
150 
100 
50 
ns 


fose 
-,Scan 
OscillatorFrequency 
0.4 
1.2 
1.6 
Hz/~F 


fMAX 
jlnput 
Count Frequency 
(Note 
3) 
3 
6 
7 
MHz 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX, 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
IS 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
1JSat 
VOD 
= 5 V, 
41Js at 
VOO 
= 10 
V, 
and 
3 1Jsat 
VOO- 
15 
V. 


1~twMR~1 


/50% 
1\0% 
------ 
------------ 


MINIMUM PULSE WIDTHS FOR 
CPO. CP, AND MR AND MR RECOVERY 
TIME 


CONDITIONS: 
CPO = HIGH and the device triggers on a 


LOW-ta·HIGH 
transition 
at CPl' 
The timing 
also applies 
when 
CP, 
= LOW and the device triggers on a H IGH·to- 


LOW transition 
at CPO' 
\_- 


CPo 
50% 
/ 
• 


SET·UP TIME. C.!ll OR CP, TO EL AND 
MINIMUM EL PULSE WIDTH 


CONDITIONS: 
CP, 
= LOW and the device triggers on a 


HIGH-ta·LOW 
transition 
at CPO- The timing 
also applies 
when 
CPO = HIGH 
and the device triggers on a LOW-to- 


HIGH transition 
at CPl' 


4555B 
• 4556B 
DUAL 1-0F-4 DECODERS/DEMULTIPLEXERS 


DESCRIPTION 
- 
The 
4555B 
and 4556B 
are Dual 
1-of-4 
Decoders/Demultiplexers. 
Each decoder/ 


demultiplexer 
has two 
Address Inputs 
(AO. Al I, an active 
LOW 
Enable Input 
(E) and four mutually 
exclusive 
Outputs 
which 
are active 
HIGH 
for 
the 4555B 
100-031 
and active 
LOW for 
the 4556B 
(50-031. 


When the 4555B 
is used as a decoder. 
the Enable Input 
IE! when 
HIGH. 
forces all Outputs 
100-03) 
LOW. When used as a demultiplexer, 
the appropriate 
Output 
is selected 
by the Data on the Address 
Inputs 
(AO. A1) and follows 
as the inverse of the Enable Input (EI. All unselected Outputs 
are LOW_ 


When the 4556B 
is used as a decoder. the Enable Input 
IE) when 
HIGH 
forces all Outputs 
100-°3) 
HIGH. When used as a demultiplexer, the appropriate Output is selected by the data on the Address 
Inputs 
(AO. A1) 
and follows 
the state of 
the 
Enable 
Input 
(EI. 
All 
unselected Outputs 
are HIGH. 


• 
ACTIVE 
HIGH 
OUTPUTS 
FOR THE 4555B 
AND 
ACTIVE 
LOW OUTPUTS 
FOR THE 4556B 
• 
OVERRIDING 
ACTIVE 
LOW ENABLE 


PIN NAMES 
E 


AO.A1 
00-03 
00-53 


Enable Input 
(Active 
LOW) 
Address Inputs 
Outputs 
(Active 
HIGH - 
4555B 
Only) 
Outputs 
(Active 
LOW - 
4556B 
Onlyl 


Voo 
"" Pin 
16 


VSS 
::: Pin 
8 


o 
""Pin Number 


Voo 
::::Pin 16 


VSS 
"" Pin 
8 
o 
-= Pin Number 


1 
, 
3 
OR 
OR OR 
15 
1413 


1 
, 
3 


OR 
OR OR 


15 
14 
13 


4 
5 
6 
7 


OR OR OR 
OR 
12 
11 
10 
9 


4 
5 
6 
7 


OR OR OR OR 
12 
11 
10 
9 


Voo=Pn16 
VSS 
:: P n 
8 
o 
:::P n Number 


CONNECTION 
DIAGRAMS 
DIP (TOP VIEW) 


4555B 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual In-line Package. 


E 
AO 
A1 
00 
01 
02 
03 


L 
L 
L 
H 
L 
L 
L 


L 
H 
L 
L 
H 
L 
L 


L 
L 
H 
L 
L 
H 
L 


L 
H 
H 
L 
L 
L 
H 


H 
X 
X 
L 
L 
L 
L 


HIGH 
Level 


LOW 
Level 


Don't 
Care 


E 
AO 
A1 
00 
01 
02 
03 


L 
L 
L 
L 
H 
H 
H 


L 
H 
L 
H 
L 
H 
H 


L 
L 
H 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
L 


H 
X 
X 
H 
H 
H 
H 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN. 25°C 


XC 
"A 
Power 
150 
300 
600 
MAX 
All inputs at 
100 
SupplV 
5 
10 
20 
MIN. 25°C 
o Var 
VOO 


XM 
"A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO= 
10V 
VOO= 
15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
148 
285 
60 
145 
40 
116 
ns 
tpHL 
Address to Output 
127 
265 
54 
120 
45 
96 
CL = 50 pF. 


tPLH 
- 
148 
315 
60 
150 
40 
120 
RL = 200 kll 


Propagation 
Delay. 
E to Output 
ns 
tpHL 
127 
295 
53 
140 
40 
112 
Inpu t Transition 


tTLH 
65 
135 
20 
70 
25 
45 
Times:E;; 
20 ns 
Output 
Transition 
Time 
ns 
tTHL 
66 
135 
25 
70 
20 
45 


LIMITS 


SYMBOL 
PARAMETER 
VOO =5 
V 
VOO=10V 
VOO = 15 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
140 
225 
57 
100 
40 
80 
ns 
tPHL 
Address to Output 
185 
260 
68 
120 
45 
96 
CL = 50 pF. 


tpLH 
Propagation 
Delay. E to Output 
134 
225 
55 
110 
40 
88 
RL = 200 kll 
ns 
tpHL 
145 
245 
58 
110 
40 
88 
Input 
Transition 


tTLH 
75 
135 
37 
70 
25 
45 
Times" 20 ns 
Output 
Transition 
Time 
77 
135 
29 
70 
20 
45 
ns 
'THL 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
• 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


45558 
45558 
45558 


PROPAGATION 
DELAY, 
PROPAGATION 
DELAY, 
PROPAGATION 
DELAY, 


An TO On. 
En TO On. 
An TO On. 


VERSUS 
TEMPERATURE 
VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 


'80 
I 


200 
,.0 


Cl 
~ 15 pF 
CL" 
15pF 
1'A- 
25 
C 
I 


'80 
180 
220 
F 
"lH. 
'1100" 
5'11_ b-V 
• 
'PlH. 
"00.5'11 
---/' 


IpHl. 
"00 
• 5'11 
.- 


200 


~ 
140 
I-- 


' 
'50 
[)- 
.:>- 
l- 
/' < 


& 
'80 


gl20 
.- 
& 
140 
=- 


.;:::::;~ 
/' 
I.- 
'60 
~ 
•...•.. 


t'IHL. 
"DO· 
5'11 
1..7'20 
IPlH· 
"DO 
• 5'11 


J 
100 
...., 
l.- 
i' 
'40 
J 


~- 
.- 


IpHl. 
"DO" 
5'11 
P 
.. 


J 
'00 
120 
g 
80 
IPlH.VOCI" 
10~;: 


~ - 
~ 1- 
IplH· 
"DO' 
lJV-'" 
'PlH· 
"00 
• 10'11 
"Hi- 
vO'l' ,oL~ 
~ 80 
"H\_ 
Voy' 'rj~ - 
'00 
tpHL. 
Voo 
",'DV 
.:-.. 
~ 60 
~ 
80 


" 
.J.- -~ 
~ 


60 
. 
- 
I 
60 
~'" 
~ 
F=' 


IPHl_ vc!o. 
l~V~ 
., 
~ 
. 
., 


20 
~ - 
20 
'PlH. 
"00' 
15~~ - - 
1= 
'PlH. "DO 
15V 
tPLr "Of" l~V- 
IpHL·VO?' l~V:::J 
20 
IpHl. 
"00" 
.'5'11 


0 
0 
0 


·60 ." 
·20 
0 
20 '" 


60 
80 '" 


120140 
·60 
-40 ·20 
0 
20 ., 
60 
80 
100 
120 
140 
0 
20 ., 
60 
80 
,,, 
120 
140 
'60 


TA - 
AM81ENT 
TEMPERATURE 
- 
C 
TA 
- 
AMSIENT 
TEMPERATURE 
- 
C 
Cl 
-lOAD 
CAPACITANCE 
- 
pF 


45558 
45568 
PROPAGATION 
DELAY. 
45558 
AND 
45568 
PROPAGATION 
DELAY. 


En TO On. 
POWER DISSIPATION 
An TO On. 
VERSUS 
LOAD 
CAPACITANr.E 
VERSUS 
FREQUENCY 
VERSUS 
TEMPERATURE 


,.0 


I 
'000 ITTIOI[ 


200 


I 
TA' 
25 
C 


T.'25C 
IJlL 
CL" 
15pF 
.....- 
220 
I 
I 
•... 
'80 


C 200 
100 
/~ 
• 


'PHL. 
"DO" 
5'11 .•. ........ 


lPlH. 
"DO 
5v 
~ 
"00.'5'11 
~ 
, '" 
.... / 
"DO" 
15V 
,',,' 
&'80 
~"""" 


10 
"DO"10'0'= 
iI' 
;1,"1 
1& 
.- 


g 
160 
VDO' 
lOV ~ 
~51iI 


&'40 
........ 
.- 
;:7 
., 
I--': /' 
III 
,:.1" 


~. 
140 
1.0 
·,20 


-" 
'p"n· "DO 
5V 
I. j.!.-'" 
, -<: 
Voo,sy 
~ 
.•••1..- 
'PlH· 
"DO 
- SV 
g 
120 


10-1 v#' 
I 
Voo,sy 
g 
100 
fpHL. 
VOO - 10V-.. 


~ 
'00 
lPLH. 
Voo 
lOV - 
~ 00 
lPLi'VO~ 
t - 
~ 80 
r1PHL. 
Voo 
lOV 
~ 
; 


60 
10-2 
;;;[;; 
~" - 
:::.+-t 
-- - 
!; '" 
40 
lPlH. 
voO 
15V 
10-3 
f 


tPHL. 
Voo 
~ lS~ 
~ 
7' 


20 
'PHL'IV~O 
,'5V 
CL-15pF_ 
ZQ 
tpLH. 
Voo 
~ 15V 
- - 


Cl- 
SOpF 
--- 


0 
,,, 
10-4 
0 
0 
20 ., 
'" 
80 
'00 
,., 
'60 
,0' 
,,3 
10' 
10' 
,,' 
lOT 
.•. .., 
-20 
0 
20 '" 
60 " 


100 
120 
140 


CL - 
LOAD 
CAPACITANCE 
- 
pF 
INPUT 
FREOUENCY 
- 
HI 
TA - 
AM81ENT 
TEMPERATURE 
- 
C 


45568 
45568 
45568 
PROPAGATION 
DELAY, 
PROPAGATION 
DELAY. 
PROPAGATION 
DELAY, 
En TO On. 
An TO 0,. 
En TO 0,.. 


VERSUS 
TEMPERATURE 
VERSUS 
LOAD 
CAPACITANCE 
VERSUS 
LOAD 
CAPACITANCE 


200 
350 
350 


Cl- 
15pF 
TA r' 
C 
TA' 
25 
C 
180 
I I 
• 


.300 
."" 


I 
160 
V 
" 
16 
lpHl. 
Voo 
- 5V~ 
.....- 
~ 
~250 
-" 
10' 


~ 
140 
P-:: ? 


IpHL. 
Voo 
5V 'V 


..,,- 
e 
250 
IpHl. 
VOO 
- 5" 
~ / 


LillO 
. 
I" 
~ 
...,,;: ~ 
..•.. IpLH. 
VOO - 5v 
~200 
,..,.- - 
V 


~200 
"" 
v;:::::::; 
;: t.- 
V 
L.- 
V 
~ 
0 
~ 
150 
IplH. 
VOO 
- 5V 
~•• 
IpHl· 
"00· 
10~~ ts 
I- 
~ 
'50 - 


IpLH. 
Voo 
5V 


I::::: :::::- 
j.....- 
I 
~ 


lplH. 
"00· 
10~~ 
~ 
IpHl· 
voo 
lOV 
. 
; 


80 
~ 
100 
~ 
100 


lPlH· 
VOO 
lOV 
IpHL. 
Voo 
"V 
., 
~ 
, 
~ 
IpUol. 
Yoo 
~ 10Y 
I 
I 
f 


" 


60 


~tPl~' 
YOO 


50 


15~T 
" 
lpHL· 
"00 
lPHL. 
lpHL. 
Voo 
- 15Y 
lPHL. 
VOO 
• 15V 
15V 
IPLH. 
"DO 
15V 
0 
0 
0 
." ." ." 
0 
20 '" 


60 •• 
100 
120 ,'" 
0 
ZQ ., 
60 
•• 
'00 
'20 
,., 
'60 
0 
20 
., 
60 
80 
'00 
'20 .." 
'60 


TA - 
AM81~NT 
TEMPERATURE 
- 
C 
CL - 
lOAD 
CAPACITANCE 
", 
Cl 
LOAD 
CAPACITANCE 
-..,F 


45578 
I-TO-64 BIT VARIABLE LENGTH SHIFT REGISTER 


DESCRIPTION 
- 
The 4557B 
is a '·to·64 
Bit 
Variable 
Length 
Shift 
Register with 
two 
Serial Data 
Inputs 
(DA,DB), 
a Data 5elect 
Input 
(50)' 
six Reg~er 
Length 5electlnputs 
(5" 
52,54, 
5B, 5'6 
and 
532), active .hOW and active HIGH 
Clock 
Inputs 
(CPOand CP,), 
True and Complementary 
Data Out· 


puts 
(Q and Q) and an overriding 
asynchronous 
Master 
Reset Input 
(MAl. 


The 45578 
register length 
is programmable. 
As shown 
in the Register Selection 
Table, 
any shift register 
length 
of 
between 
1 and 64 bits can be selected 
by applying 
appropriate 
logic levels to the 
Register 


Length Select Inputs 
(5" 
S2' 54' 58' 5'6 
and 532). 5hift 
register length equals the sum of the 6-bit 
data word 
formed by the Register Length Select Inputs (532 516 S8 S4 52 5,) 
plus one. 


With 
Data Select Input 
(SO) 
LOW, information 
at the Serial Data "'!!put, 
OS- is shifted 
into the Variable 
Length 
5hift 
Register 
on either~HIGH·to·LOW 
transition 
at CPO while 
CP, 
is HIGH 
or a LOW·to· 


HIGH 
transition 
at CP, 
while 
CPO is LOW. With 
the Data Select Input 
(50) 
HIGH, 
information 
at 
Serial 
Data 
Input 
Ok-is 
shifted 
into 
the register on appropriate 
logic level transitions 
and logic levels 
at the Clock 
Inputs 
(CPO and CP1) 
as described 
above. 


True 
and 
Complementary 
Data 
Outputs 
(Q and a) 
from 
the 
last stage of 
the variable 
length 
shift 
register are made available. 


A HIGH 
on the Master Reset Input 
(MR) clears all registers to zero (Q=LOW, Q=HIGH) 
independent 
of all other 
inputs. 


• 
'·T0-64 
BIT PROGRAMMABLE 
SHIFT 
REGISTER 
• 
TRUE 
AND COMPLEMENTARY 
OAT'" 
OUTPUTS 
AVAILABLE 
• 
ASYNCHRONOUS 
MASTER 
RESET 
• 
TRIGGERS 
ON EITHER 
A HIGH·TO·LOW 
OR LOW·TO·HIGH 
TRAN51TION 
• 
SERIAL 
DATA 
INPUT 
FROM EITHER 
OF TWO SOURCES 


PIN NAMES 


DA,DB 
50 


S, ,52,54,58,516,532 
CPo 
CP, 
MR 


Q 
Q 


Serial Data 
Inputs 


Data Select 
Input 


Register 
Length ~elect Inputs 


Clock Input 
(H~L 
Triggered) 


Clock Input 
(L~H Triggered) 


Master 
Reset Input 


Data Output 


Complementary 
Data (Active 
LOW) Output 


VOD 
Pin 
16 


VSS 
Pin 
8 


NOTE' 
The 
flatpak 
version 
has 
the 
same 


(Connection 
Diagram) 
as 
the 
Dual 
In-Line 
Package. 


• 


SELECT 
INPUTS 
REGISTER 
LENGTH 


S32 
S'5 
S8 
S4 
S2 
S, 


L 
L 
L 
L 
L 
L 
1·BITS 


L 
L 
L 
L 
L 
H 
2-BITS 


L 
L 
L 
L 
H 
L 
3·BITS 


L 
L 
L 
L 
H 
H 
4·BITS 


L 
l 
L 
H 
L 
L 
5-BITS 


L 
L 
L 
H 
L 
H 
5·BITS 


H 
L 
L 
L 
L 
L 
33-BITS 


H 
L 
L 
L 
L 
H 
34·BITS 


H 
L 
L 
L 
H 
L 
35·BITS 


H 
H 
H 
H 
L 
L 
51·BITS 


H 
H 
H 
H 
L 
H 
52-BITS 


H 
H 
H 
H 
H 
L 
53 BITS 


H 
H 
H 
H 
H 
H 
54-BITS 


INPUT 
DATA 
INTO THE FIRST 
STAGE 


OF THE SELECTED 
SHIFT 
REGISTER 


SD 
DA 
DB 


L 
X 
L 
L 


L 
X 
H 
H 


H 
l 
X 
L 


H 
H 
X 
H 


L = LOW 
Level 
H'" 
HIGH 
Level 


X 
". Don't 
Care 


INPUTS 


MR 
CPO 
CP1 
OPERATION 


L 
L 
~ 
NO CHANGE 


L 
~ 
H 
NO CHANGE 


L 
H 
X 
NO CHANGE 


L 
X 
L 
NO CHANGE 


L 
~ 
H 
SELECTED 
REGISTER 
~HIFTS 


L 
L 
....r 
SELECTED 
REGISTER 
SHIFTS 


H 
X 
X 
MASTER 
RESET 


l 
= LOW 
Level 
H " 
HIGH 
Level 


X 
.•. Don't 
Care 
...r ..,Positive-Going 
Transition 


'- 
'" Negative·Going 
Transition 


45608 


BCD ADDER 


DES~RIPTION 
- 
The 4560B 
is a BCD Adder 
with 
two 
4-bit 
Data Inputs 
(AO-A3' 
BO-B3)' a Carry 
Input 
(Col. four Sum Outputs 
(SO-53) and a Carry Output 
(C4). 


The 45608 
uses full 
lookahead 
across 4·bits to generate the Carry 
Output 
(C41. This minimizes 
the 
necessity for ex.tensive "Iookahead" 
and carry-<::ascading circuits. 


In connection 
with 
the 45618, 
9's Complementer. 
a configuration 
for subtracting two BCD numbers 
can also be attained. 


PIN NAMES 


AO' BO' AI' 
B1 


A2. B2. A3. B3 


Co 


SO-53 


C4 


Co 
'5608 
C, 


So 51 
52 
53 


13 
12 
11 
10 


voo 
PIN 
16 
vss 
PIN 
8 


NOTE' 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. • 


45618 
9'5 COMPLEMENTER 


DESCRIPTION 
- 
The 4561 B is a 9'5 Complementer 
to be used in conjunction 
with 
the 45608, 
BCD 
Adder, 
t~ attain BCD subtraction. 
The dev~e has four Data Inputs (AO-A3'. two Mode Control 
Inputs 


(SO and 
$,1. 
an active 
LOW 
Enable 
Input 
lEI and 
four 
Data 
Outputs 
(ZO·23L 


A HIGH on the Enable Input 
fE) 
forces alt Data Outputs 
(20.Z3) 
LOW rega~less of all other 
input 
condItIons. 
This allows 
a logic 
"zero" 
on the output. 
With the Enable Input (E) LOW and Mode Con- 


trol 
Input, 
SO- LOW or Mode Control 
Input, 5,_ HIGH, 
informat.l,2n 
on the Data Inputs 
(Ao-A3) 
is 
presented 
on 
the 
Data 
OutputsJZO·Z3L 
With 
the 
Enable 
Input 
(E) 
LOW, 
Mode 
Control 
Input, 
5Q_ 
HIGH and Mode Control 
Input, $,. LOW information 
on the Data Outputs 
(ZO·Z3) is the 9's Comple· 
ment of information 
on the Data Inputs (Ao-A31. 


When used in conjunction 
with 
the 45608, 
BCD Adder, 
the Mode Control 
Input, 
~ 
(or S;) 
of the 
4561 B is used as an active 
HIGH 
lor active 
LOW) Subtract 
Control 
Input 
while S1 is LOW (or So 


IS HIGH!. 


• 
USED 
IN CONJUNCTION 
WITH 
THE 455OB, BCD ADDER 


• 
TRUE 
OUTPUT 
FOR BCD ADDITION 
OR 9'S COMPLEMENT 
OUTPUT 
FOR 
BCD SUBTRACTION 


• 
ACTIVE 
LOW ENABLE 
INPUT 
FOR "ZERO" 
OUTPUT 
FUNCTION 


PIN NAMES 


AO,A3 


SO- 5, 
E 
20,23 


13 
12 
11 
10 


VOO: 
Pin 
14 


VSS 


: 
Pin 
7 


NC 
- 
Pin 8 


Data Inputs 


Mode Control 
Inputs (Active HIGH and LOW) 


Enable Input 
(Active 
LOW) 


Data Outputs 


NOTE: 
The 
F latpak 
version 
has 
the 
same 


pinouts 
(connection 
diagram) 
as the 
Dual 
In-Line 
package. 


,-- 
- 


INPUTS 
OUTPUTS 


I 
E 
So 
S-, 
20 
Z, 
22 
Z3 
Mode 


I 
H 
X 
X 
L 
L 
L 
L 
Zero Output 


L--L_ 
-- 
- 


L 
X 
~ 
A, 
A? 
A~ 
True Output 


~ 
- 
t=~ 


L 
AO 
A, 
A,'A2+A,'A2 
A,'A2'A3 
9's Complement 
Output 


X 
H 
AO 
A, 
A2 
A3 
True Output 


L = LOW 
Level 


H = HIGH 
Level 
X = Don't 
Care 


4566B 
INDUSTRIAL TIME BASE GENERATOR 


DESCRIPTION 
- 
The 4556B 
is an Industrial 
Time 
Base Generator 
consisting 
of a Divide 
by 10 Ripple 
Counter, 
a Divide by 5 or 6 Ripple Counter, and an on-chip Monostable 
Multivibrator 
with 
a fixed 
output 
pulse width 
range. 


Both counters 
advance on a HIGH·ta-LOW 
transition 
of the appropriate 
Clock 
Inputs (CPa and CPb) 
as shown in the Block Diagram. Count Select Input, 
Sb' controls 
the counter 
mode of the Divide by 
5/6 
Ripple 
Counter. 
With 
Sb 
LOW this 
counter 
operates 
as a divide 
by 6 counter 
and 
with 
St:, HIGH 
it operates 
as a divide 
by 
5 counter 
thus permitting 
stable time 
generation 
from 
either a 50 or 60 Hz 
time base. P~rallel Data Outputs 
from 
both 
ripple 
counters 
(QOa-Q3a and aOt)~bl 
are made available 
in BCD format. 
A HIGH 
on the 
Master 
Reset Input 
(MR) 
resets both 
counters 
lOoa-Q3a=QOb-Q2b= 


LOW) independent 
of all other 
inputs. 


An 
on-chip 
monostable 
multivibrator 
is available 
for 
ease in generating 
an automatic 
master 
reset 
signal or for providing 
clock signals for added frequency 
stability. 


A LQ..W.to.HIGH 
transition 
on the 10 input 
while the'i 
input 
is LOW or a HIGH-ta-LOW 
transition 
on 
the 11 input while 
10 is HIGH produces a positive pulse I L-H-L) 
on the Multivibrator 
Output 
(amI. 


• 
ON-CHIP 
MONOSTABLE 
MUL TlVIBRATOR 
TRIGGERED 
ON EITHER 
A LOW-TO-HIGH 
TRANSITION 
AT 
10 OR A HIGH-TO-LOW 
TRANSITION 
AT 11 


• 
HIGH-TO-LOW 
TRIGGERED 
CLOCK 
INPUTS 
FOR EASY 
CASCADING 
• 
TWO RIPPLE 
COUNTERS; 
DIVIDE 
BY 10 AND 
DIVIDE 
BY 5 OR 6 TO PERMIT 
STABLE 
TIME 
GENERATION 
FROM 
50 OR 60 HZ LINE 


• 
DATA 
OUTPUTS 
AVAILABLE 
IN BCD 
• 
ASYNCHRONOUS 
MASTER 
RESET 


PIN NAMES 


CPa' CPb 


Sb 
10r; 
MR 
Qm 


Ooa-Q3a' 


Oob-Q2b 


Clock 
Inputs 
IH-L 
Triggeredl 


Count 
Select 
Input 


Trigger Input 


Trigger 
Input 
IActive 
LOW) 


Master Reset Input 


Multivibrator 
Output 


Voo"" 
PIN 
16 


VSS·PIN8 


NOTE: 
The 
flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-Line 
Package 


• 


DESCRIPTION 
- 
The 4581 B is a 4·Bit 
Arithmetic 
Logic 
Unit 
which 
can perform 
all of the possible 
16 logic operations 
on two variables and a variety 
of 16 arithmetic 
operations. 


Controlled 
by 
the 
four 
Instruction 
Inputs 
(10.13) and 
the 
Mode 
Control 
Input 
(M), 
the 4581 Bean 
perform 
a total 
of 32 
logic and arithmetic 
operations 
on either 
active 
HIGH 
or active 
LOW operands 
(See Truth 
Table). 


With 
the 
Mode 
Control 
Input 
IMI'HIGH 
all internal 
carries are inhibited 
and the device performs 
logic 
operations 
on the individual 
Date Inputs (AO·A3 and 80.831. With 
the Mode Control 
InputJM!... 
LOW, 
!!'e .safries 
are enabled 
and the device 
performs 
arithmetic 
operations 
on the Oat8 Inputs 
(AO·A3 
and 
8o·B3), 
The 
45818 
incorporates 
full 
internal 
carry 
lookahead 
and 
provides 
for 
either 
ripple 
carry 
between 
devices 
~sing the 
Carry 
Output 
(,fn+4), 
or for 
carry 
lookahea«! 
between 
packages usi!!9 the 
Carry 
Propagate 
(P) and Carry 
Generate 
(G) Outputs. 
Carry 
Propagate 
(P) and Carry Generate 
IG) are 
not affected 
by the Carry 
Input 
(Cn). 
When 
speed requirements 
are not stringent. 
the 4581 B can be 
used in a simple 
ripple 
carry 
mode 
by connecting 
the Carry 
Output 
(Cn+4) 
of one device 
to Carry 
Input 
(en) of the 
next 
device. 
For 
htgher 
speed operation 
the 4581 B is used in conjunction 
with 
the 
4582B, 
Carry 
Lookahaad 
Block. 
On. 
4582B 
is required 
for 
.ach 
group 
of four 
4581's. 
Carry 
look· 
ahead can be provided 
at various levels and offers 
high speed capabilities 
over longer word 
lengths. 


The 
A Equals 
B Comparator 
Output 
IA=B) 
from 
the 4581B 
goes HIGH 
when 
all four 
Data Outputs 
(OO~03)and 
HIGH 
and can be used to indicate 
logic equivalence 
over four bits when 
the unit is in the 
subtract 
mode. 
The 
A=B 
Output 
can also be used with 
the 
Carry 
Output 
(Cn+4) 
to 
indicat. 
A > B 
orA< 
B. 


• 
PROVIDES 
16 ARITHMETIC 
OPERATIONS 
INCLUDING 
ADD, 
SUBTRACT, 
COMPARE, 
AND 
DOUBLE 


• 
PROVIDES 
ALL 
16 LOGIC 
OPERATIONS 
OF TWO VARIABLES 
INCLUDING 
EXCLUSIVE 
OR, COMPARE, 
AND 
NAND,OR, 
AND 
NOR. 


• 
FULL 
LOOKAHEAD 
FOR 
HIGHER 
SPEED ARITHMETIC 
OPERATION 
ON LONG 
WORDS 
• 
EXPANDABLE 
IN MULTIPLES 
OF FOUR 
BITS 


PIN NAMES 
AQ-Aj 
50-a; 


10.13 
M 
Cn 
Ocr03 


A=B 
G 
p 


Cn+4 


Data Inputs 
IActive 
LOW) 


Data Inputs 
(Active 
LOW) 


Instruction 
Inputs 


Mode Control 
Input 


Carry 
Input 


Data Outputs 
(Active 
LOW) 


A Equals B Comparator 
Output 


Carry 
Generate Output 
(Active 
LOW) 


Carry 
Propagata 
Output 
(Active 
LOW) 


Carry 
Output 


VOO=PIN 
24 


VSS =PIN 
12 


NOTE' 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


INSTRUCTION 


INPUTS 


LOGIC 


(M = HI 


ACTIVE 
LOW DATA 


INPUTS 
& OUTPUTS 


ARITHMETIC" 


1M = L) ICn = L) 


A minus 1 


A6 minus 
1 


ABminus 
1 


minus 
1 


A plus IA 
+ 61 


AB plus IA 
+ 
BI 


A minus 
8 minus 
1 


A 
+ 
B 


Aplus 
(A 
+ 
BI 


A plus B 


AS plus IA 
+ 
BI 


A 
+ B 


A plus A' 


AB plus A 


AS plus A 


A 


LOGIC 


1M = HI 


A 
A+B 


AB 


Logical 
0 
AB 
S 


A 
(j) B 


AS 


A 
+ 
B 


A 
(j) 
B 


B 


AB 


Logical 
1 


A 
+ B 


A 
+ 
B 


A 


L - 
LOW 
Logic 
Level 
H = HIGH 
Logic 
Level 


• Each bit 
is shifted 
to the next 
more 
significant 
position 


•• Arithmetic; 
operations 
expressed 
in 2'5 complement 
notation 


A 
+ 
B 


Logical 
1 


A 
+ B 
B 


A 
~ 
B 


A 
+ S 


AB 


A 
(j) B 


B 


A 
+ 
B 


Logical 
0 


AS 


AB 


A 


VOO"'Pin 
16 
VSS::: Pin 8 


o '"'Pin Numbers 


ACTIVE 
HIGH 
DATA 


INPUTS 
& OUTPUTS 


ARITHMETIC" 


1M = L) (Cn = HI 


A 


A 
+ 
B 


A 
+ B 


minus 
1 


A plus AS 


(A 
+ 
Bl plus AS 


A minus 
B minus 
1 


AS minus 
1 


A plus AB 


A plus B 


(A 
+ Sl plus AB 


AS minus 
1 


A plus A· 


IA 
+ 
BI plus A 


IA 
+ 
Ell plus A 


A minus 
1 


• 


45828 
CARRY LOOKAHEAD GENERATOR 


DESCRIPTION 
- 
The 4582B 
is a Carry Lookahead 
Generator 
which 
provides 
high speed lookahead 


over word 
lengths q!..~re 
than 
four 
bits. 
The device has a Carry Inputjfn!.. 
four active LOW Carry 
Generate 
Inputs 
(GO-G3!. 
four 
active 
LOW 
Carry 
Propagate_Inputs 
(PO·P3), three 
Carry 
Outputs 
(Cn+x.C'1!y,Cn+z). 
an active 
LOW Carry 
Propagate 
Output 
(PI and an active 
LOW Carry Generate 


Output 
(Gl. The logic equations 
for all outputs 
are shown 
below . 


• 
EXPANDABLE 
TO ANY 
NUMBER 
OF BITS 


• 
HIGH 
SPEED LOOK AHEAD 
OVER 
WORD 
LENGTHS 
OF MORE 
THAN 
FOUR 
BITS 


c;n 


GO·G3 
1'0·1'3 


~n-6-)(,Cn+y.Cn+z 
G 
I' 


Carry Input 
Carry Generate Inputs (Active 
LOWl 
Carry 
Propagate 
Inputs 
(Active 
LOW) 


Carry 
Outputs 
Carry 
Generate 
Output 
(Active 
LOW) 
Carry 
Propagate 
Output 
(Active 
LOW) 


Cnt)( 
GO f Po . Cn 


en 
t y 
G 1 t P" 
GO t P" 
Po . Cn 


Cn., 
G2 
I P2 . Gl 
+ P2 . PI 
. Go + P2 . PI 
. Po' 
Cn 


G 
G3 
I P3-' 
G2 + P3' 
P2 -:-(;, 
+P3 
. P2 :-p;-:Go 


P"3·pi--:-p;-:F'o 


en Go Po 


'13 '3)(4 


VDD" 
Pin 16 


VSS 
"Pin 
B 


S 
= Pin Numbers 


NOTE: 
The 
Flatpak 
version 
has the same pin- 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
tn-line 
Package. 


INPUTS 
OUTPUTS 


Cn 
GO 
Po 
G, 
P, 
G2 
P2 
G3 
P3 
Cn+x 
Cn+y 
Cn+z 
G 
P 


X 
H 
H 
L 


L 
H 
X 
L 


X 
L 
X 
H 


H 
X 
L 
H 


X 
X 
X 
H 
H 
L 


X 
H 
H 
H 
X 
L 


L 
H 
X 
H 
X 
L 


X 
X 
X 
L 
X 
H 


X 
L 
X 
X 
L 
H 


H 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
L 


X 
X 
X 
H 
H 
H 
X 
L 


X 
H 
H 
H 
X 
H 
X 
L 


L 
H 
X 
H 
X 
H 
X 
L 


X 
X 
X 
X 
X 
L 
X 
H 


X 
X 
X 
L 
X 
X 
L 
H 


X 
L 
X 
X 
L 
X 
L 
H 


H 
X 
L 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
H 


X 
X 
X 
H 
H 
H 
X 
H 


X 
H 
H 
H 
X 
H 
X 
H 


H 
H 
X 
H 
X 
H 
X 
H 


X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
L 
X 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
L 


H 
X 
X 
X 
H 


X 
H 
X 
X 
H 


X 
X 
H 
X 
H 


X 
X 
X 
H 
H 


L 
L 
L 
L 
L 


H = HIGH 
Voltage 
Level 


L = LOW Voltage 
Level 


X = Don't 
Care 
• 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO= 
10V 
VOO = 15 V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
BO 
MIN,25°C 


XC 
pA 
Power 
150 
300 
600 
MAX 
All inputs at 0 V or 
100 
Supply 
5 
10 
20 
MIN,25°C 
VOO 


XM 
pA 


Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 \I 
VOO=10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay, 
Cn to Cn+x' 
160 
75 
55 
ns 


tpHL 
Cn+v or Cn+l 
160 
75 
55 


tPLH 
Propagation 
Delay. 
Pn to Cn+x 
160 
75 
55 
ns 


tpHL 
Cn+v 
or Cn+z 
160 
75 
55 


tPLH 
Propagation 
Delay. Gn to Cn+x' 
160 
75 
55 
CL = 50pF, 
ns 


tpHI 
Cn+v or Cn+z 
160 
75 
55 
RL=200kn 
tpLH 
Propagation 
Delay. 
P n to G 
160 
75 
55 


to G 
ns 
I nput 
Transition 
tpHL 
160 
75 
55 
Times <; 20 ns 


tpLH 
Propagation 
Delay. Gn to G 
160 
75 
55 
ns 


tpHL 
160 
75 
55 


tpLH 
Propagation 
Delay. Pn to P 


160 
75 
55 
ns 


tpHL 
160 
75 
55 


tTLH 
60 
30 
20 
Output 
Transition 
Time 
ns 
'THL 
60 
30 
20 


NOTES' 
,. 
Additional 
DC Characteristics 
are listed 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


45838 
DUAL SCHMID TRIGGER 


DESCRIPTION 
- 
The 45838 
is a Dual 
Schmitt 
Trigger 
offering 
both 
positive 
and negative threshold 
Voltages. 
VT+ 
and VT_. 
which 
are programmable 
via REXTP' 
REXTN 
and 
REXTC 
inputs 
with 
the 
use 
of 
external 
resistors 
lsee 
Figure 
1), 
Each 
Schmitt 
Trigger 
operates 
independently 
offering 
both 
True 
(OA- De) 
and Complementary 
(OA' De) 
Outputs. 
0Al+i'B provides 
the Exclusive 
NOR 
function 
f~th..!..!.nputs IA and 
lS- 
A LOW on the Output 
Enable 
Inpu"i1EO) 
force:s 
the Complementary 
Outputs 
(OA' 
De) to assume a high impedance or "OFF" 
state independent 
of all other input conditions. 


• 
PROGRAMMABLE 
THRESHOLDS 
• 
PROGRAMMABLE 
HYSTERESIS 
• 
TRUE 
AND 
COMPLEMEN1ARY 
OUTPUTS 
AVAILABLE 
• 
3-STATE 
COMPLEMENTARY 
OUTPUTS 
WITH 
ACTIVE 
HIGH 
OUTPUT 
ENABLE 


• 
EXCLUSIVE 
NOR OUTPUT 
AVAILABLE 


PIN NAMES 


IA·IB 
EO 


REXTPA' 
REXTPB 
REXTNA·REXTNB 


REXTCA·REXTCB 
~A'~ 
°A·OB 
°A'®B 


Schmitt 
Trigger 
Inputs 
Output Enable Input 


Positive 
External 
Resistor 
Connections 


Negative 
External 
Resistor 
Connections 


Common 
External 
Resistor 
Connections 


True 
Outputs 
Complementary 
Outputs 


Exclusive 
NOR 
Output 


INPUTS 
OUTPUTS 


IA 
IB 
EO 
°A 
°A 
°B 
°B 
° .Afl'lB 
L 
L 
L 
L 
Z 
L 
Z 
L 
L 
L 
H 
L 
H 
L 
H 
L 
L 
H 
L 
L 
Z 
H 
Z 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
L 
L 
H 
Z 
L 
Z 
H 
H 
L 
H 
H 
L 
L 
H 
H 
H 
H 
L 
H 
Z 
H 
Z 
L 
H 
H 
H 
H 
L 
H 
L 
L 


VOO=Pin 
16 
VSS = Pin B 
o = Pin Number 


L :: LOW 
Level 


H:: HIGH 
Level 


Z = High 
Impedance 
"OFF" 
State 


NOTE: 
The 
Flatpack 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
P'ackage. 
• 


LIMITS 


SYMBOL 
PAAAMETEA 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VT+ 
Positive-Going 
3.25 
5.9 
B.5 
V 
25°C 
Al 
= A2 = 5 kn 


Threshold 
Vol tage 
VIN 
= VOO to VSS 


VT_ 
Negative-Going 
1.75 
4.1 
6.5 
V 
25°C 
Al 
= A2 - 5 kn 


Threshold Voltage 
VIN 
= VOO to VSS 


VT+ 
to 
XC 
0.6 
1.5 
3.7 
0.72 
1.8 
4.5 
0.8 
2 
5.5 
V 
Al 
= A2 = 5 kn 


Hysteresis 
25°C 
Hysteresis 
= 


VT_ 
XM 
1 
1.5 
2.2 
1.2 
1.8 
2.7 
1.3 
2 
2.8 
V 
VT+ Minus 
VT_ 


Threshold 
Variation 


6VT 
Between 
0.1 
0.15 
0.2 
V 
25°C 
Al 
= A2 = 5 kn 


Schmitt 
Triggers 


1.6 
MIN,25°C 
XC 
MAX 
Output 
Returned to 
Output 
OFF 
12 
10ZH 
Current HIGH 
0.4 
"A 
MIN,25°C 
VOO, EO = VSS 
XM 
12 
MAX 


XC 
-1.6 
MIN,25°C 


Output 
OFF 
-12 
MAX 
Output 
Returned 
10ZL 
Current LOW 
-0.4 
"A 
MIN,25°C 
VSS, EO = VSS 
XM 
-12 
MAX 


Quiescent 
XC 
1 
2 
4 
MIN,25°C 


Power 
7.5 
15 
30 
"A 
MAX 
100 
Supply 
0.25 
0.5 
I 
MIN,25°C 
All 
Inputs at 0 V or VOO 


XM 
"A 
Current 
7.5 
15 
30 
MAX 


LIMITS 


SYMBOL 
PAAAMETEA 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
I A or 18 to 
360 
120 
81 


0A 
or 0B 
360 
81 
ns 
tpHL 
120 
CL = 50 pF, 


tPLH 
Propagation 
Delay. 
I A or I B to 
629 
209 
144 
AL = 200 kn 


0A or 0B 
ns 
tPHL 
629 
209 
144 
Input Transition 


tpLH 
Propagation 
Delay. 
IA or IS to 
420 
150 
90 
Times <. 20 ns 


°A@B 
ns 
tpHL 
420 
150 
90 


tpZH 
336 
120 
72 
(AL 
= 1 kn to VSS) 
Output 
Enable 
Time 
ns 
tpZL 
336 
120 
72 
(AL 
= 1 kn to VOOI 


tPHZ 
102 
36 
21 
(AL = I kU to VSSI 
Output 
Disable 
Time 
ns 
tPLZ 
102 
36 
21 
(AL 
= 1 kn to VOOI 


tTLH 
84 
42 
30 
Output 
Transition 
Time 
84 
42 
ns 
tTHL 
30 


NOTES, 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
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HIGH 
Z 
··(\FF" STATE 


A --- Feedback 
scheme for independent 
threshold 
adjustment: 


Rl 


:::::=a 


R2 


REXTN 


REXTP::gl 
REXTC 


REXTN 


090 
o 
~ 
80 
o 
*'« 
70 
(/)« 
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z 
o 
~ 
50 


...J 
o 
iJ5 
40 


wa: 
i= 
30 


...J 
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0::>- 
I-- 


- 
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- - 
- 
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.. 


- 
- -- 
,-.,;:;.~ /" -- 
- 
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I 
I 
I 
VSS = 0 
-- 
VOO 
= 5V 


VOO = 10 V 
--- 
VOO = 15 V 


10 


10 
20 
40 
100 
1.Ok 
10k 
lOOk 


Rl. R2 - EXTERNAL 
RESISTANCE 
- OHMS 


• 


4702B/4702BX 


PROGRAMMABLE 
BIT-RATE 
GENERATOR 
FAIRCHILD 
CMOS 
MACROLOGICTM 


DESCRIPTION 
- 
The 
4702B/47028X 
Bit-Rate 
Generator 
provides 
the 
necessary 
clock 
signals for 
digital 
data 
transmission 
systems, 
such as Universal 
Asynchronous 
Receiver 
and Transmitter 
circuits 
(UARTs). 
It generates 
any 
of the 
14 commonly 
used bit rates using an on-chip 
crystal 
oscillator, 
but 
its design 
also provides 
for easy and economical 
multi-channel 
operation, 
where 
any 
of the 
possible 
frequencies must be made available on any output channel. 


One 4702B/4702BX 
can control 
up to eight 
output 
channels. 
When more 
than one bit-rate 
generator 


IS required. 
they 
can still be operated 
from one crystal. The 47028 
is specified 
to operate 
over a power 


supply voltage range of 5 V ± 10%. The 47028X 
is a specially selected device specified to operate over 


a power supply voltage range of 4.5 V to 12.5 V. 


• 
PROVIDES 
14 COMMONLY 
USED BIT-RATES 
• 
ONE 4702B/4702BX 
CONTROLS 
UP TO EIGHT 
TRANSMISSION 
CHANNELS 
• 
USES 2.4576 
MHz INPUT 
FOR STANDARD 
FREQUENCY 
OUTPUTS 
(16 TIMES 
BIT 
RATE) 


• 
CONFORMS 
TO EIA 
RS-404 


• 
ON-CHIP 
INPUT 
PULL 
UP CIRCUITS 
• 
TTL 
COMPATIBLE-OUTPUTS 
WILL 
SINK 
1.6 mA 
• 
INITIALIZATION 
CIRCUIT 
FACILITIES 
DIAGNOSTIC 
FAULT 
ISOLATION 
• 
LOW POWER DISSIPATION 
- 1.35 mA POWER DISSIPATION 
AT 
5 V AND 
2.4576 
MHz 


• 
16-PIN DUAL 
IN-LINE 
PACKAGE 


~ 


c-;-l- 


___~~ru_ E~P 
L 
Clocked f'O:~:RATION 
;: 
~~~ 
~:~' 


X 
I 
L 
...f"1..r' 
~....J 
CI 
k 
c1 f 
CP 
_Jl 
:= 1st HIGH 
Level 


I 


X 
I 
H 


U 
I 
oc e 
rom 
Clock Pulse 


H 
I Continuous 
Reset 
After ECp Goes 


I 


LOW 
L 
_X__ 
~ 
~j~LR~s~ur,ng 
First CP '" HIGH 
TIme 
....fV1..Jl..J 
Clock Pulses 


Note 1: 
Actual output 
frequency 
is 16 times the indicated output 
rate, assuming a clock 
frequency 
of 2.4576 MHz. 


1---- 


Output 
Rate IZ) 
S3 
S2 
S1 
So 
Note 1 
- 
- 


L 
L 
L 
L 
Multiplexed 
Input 
(1M) 


L 
L 
L 
H 
Multiplexed 
Input (1M) 


L 
L 
H 
L 
50 Baud 


L 
L 
H 
H 
I 
75 Baud 


L 
H 
L 
L 


I 


134.5 Baud 


L 
H 
L 
H 
200 Baud 


L 
H 
H 
L 
I 
600 Baud 


L 
H 
H 
H 
2400 Baud 


H 
L 
L 
L 
9600 Baud 


H 
L 
L 
H 
4800 Baud 


H 
L 
H 
L 
1800 Baud 


H 
L 
H 
H 
1200 Baud 


H 
H 
L 
L 
2400 Baud 


H 
H 
L 
H 
300 Baud 


H 
H 
H 
L 
150 Baud 


H 
H 
H 
H 
110 Baud 


NOTE, 
The F latpak version has the same pin- 
outs 
(Connection 
Diagram) 
as the 


Dual In-Iine Package. 


External 
Clock Input 


External Clock 
Enable 


Input 
(Active 
LOW) 
Crystal Input 


Multiplexed 
Input 


Rate Select Inputs 
Clock Output 


Crystal Drive Output 


Scan Counter 
Outputs 
Bit Rate Output 


IX 
1M 


SO-53 
CO 
Ox 
00-Q2 
Z 


o ECp 
o 
CP 
,---------------, 
I 
I 
I 
I 
I 
I 


I 
I 


I 
I 


I 
I 


: 
IMR 
I 
I 


I 
INITIALIZATION 
[ 
L __c~~.'!. 
_.J 


Voo 
= Pin 
16 


VSS 
= Pin 
8 
o 
""Pin Number 


,---~O_;;_~E;~;;;;.;_R;_--' 
MLiLrlPlEXEA' 
®®@)@@: 


'M 50 5, 52 53 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


CO 
00 a, 02 


o 000 
• 


FUNCTIONAL 
DESCRIPTION 
- 
Digital 
data transmission 
systems employ 
a wide range of standardized 
bit rates, ranging 
from 
50 baud interfacing 
with 
electromechanical 
devices, to 9600 baud for high speed modems. Modern electronic 
systems 
commonly 
use Universal 
Asynchronous 
Receiver and Transmitter 
circuits 
(UARTs) 
to convert 
parallel 
data inputs 
into a 
serial bit stream (transmitter) 
and to reconvert the serial bit stream into parallel outputs 
(receiver). In order to resynchronize 
the incoming serial data, the receiver requires a clock rate that is a multiple 
of the incoming bit rate. Popular MOS-LSI 
UART 


circuits 
use a clock 
that is 16 times the transmitted 
bit rate. The 4702B/4702BX 
can generate 14 standardized 
clock 
rates 


from 
one commonly 
high frequency 
input. 


The 4702B/4702BX 
contains 
the following 
five functional 
subsystems which 
are discussed in detail below: 


1. 
An Oscillator 
Circuit 
with associated gating. 


2. 
A prescaler used as Scan Counter for multicl\annel 
operation 
(described in the applications 
section). 


3. 
A Counter 
Network 
to generate the required standardized frequencies. 


4. 
An output 
Multiplexer 
(frequency 
selector) with resynchronizing 
output 
flip·flop. 
5. 
An Initialization 
(reset) Circuit. 


Oscillator 
- 
for 
conventional 
operation 
generating 
16 output 
clock pulses per bit period, the input clock frequency 
must be 
2.4576 
MHz (i_e. 9600 baud x 16 x 16, since the scan counter and the first flip·flop 
of the counter chain act as an internal';' 


16 prescaler). A lower input frquency 
will obviously 
result in a proportionally 
lower output 
frequency. 


The 4702B/4702BX 
can be driven from 
two alternate 
clock sources: (1) When the ECp (active LOW External Clock Enable) 


input 
is LOW, the CP input 
is the clock source. (21 When the ECp input 
is HIGH, a crystal connected between IX and OX, or 


a signal applied to the IX input, 
is the clock source. 


Prescaler (Scan Counter) 
- 
The clock 
frequency 
is made available on the CO (Clock Output) 
pin and is applied to the';' 
B 
prescaler with 
buffered 
outputs 
QO' Ql' 
and Q2' This prescaler is of no particular 
advantage in single frequency 
applications, 


but 
it is essential for 
the simple 
economical 
multichannel 
scheme described in the Applications 
section of this data book. 


Counter 
Network 
- 
The prescaler output 
Q2 is a square wave of lIB the input frequency 
and is used to drive the frequency 
counter 
network 
generating 
13 standardized 
frequencies. 
Note that 
the frequencies 
are labeled in the block diagram and 
described in terms of the transmission 
bit rate. In a conventional 
system using a 2.4576 MHz clock input, the actual output 
frequencies are 16 times higher. 


The output 
from 
the first 
frequency 
divider 
flip·flop 
is thus labeled 9600, since it is used to transmit 
or receive 9600 baud 
(bits per second). The actual frequency 
at this node is 16 x 9.6 kHz = 153.6 kHz. Seven more cascaded binaries generate the 
appropriate 
frequencies for bit rates 4800, 2400, 1200,600, 
300, 150, and 75. 


The other five bit rates are generated by individual 
counters: 


bit rate 1200 is divided by 6 to generate bit rate 200, 
bit rate 200 is divided by 4 to generate bit rate 50, 
bit rate 2400 is divided by 18 to generate bit rate 134.5 with a frequency 
error of -0.87%, 
bit rate 2400 is also divided by 22 to generate bit rate 110 with a frequency 
error of -0.83%, 
and 
bit rate 9600 is divided by 16/3 to generate bit rate 1800. 


The 16/3 division 
is accomplished 
by alternating 
the divide ratio between 5 (twice) and 6 (once). The result is an exact aver· 


age output 
frequency 
with 
some frequency 
modulation. 
Taking 
advantage of the ';'16 
feature of the UART, 
the resulting 
distortion 
is less than 0.78%, 
irrespective 
of the number 
of elements 
in a character, and therefore 
well within 
the timing 
accuracy specified for high speed communications 
equipment. 
All signals except 1800, have a 50% duty cycle. 


Output 
Multiplexer 
- 
The outputs 
of the counter network 
are fed to a 16-input multiplexer, 
which is controlled 
by the Rate 
Select inputs 
(SO-S3)' The multiplexer 
output 
is then resynchronized 
with 
the incoming clock in order to cancel all cumula- 
tive delays and to present an output 
signal at the buffered 
output 
(Zl that is synchronous with the prescaler outputs 
(QO-Q2l. 


Table 2 
lists the correspondence 
between select code and output 
bit rate. Two of the 16 codes do not select an internally 
generated frequency, 
but 
select an input 
into 
which 
the user can feed either a different, 
nonstandardized 
frequency, 
or a 
static level (H IGH or LOW) to generate "zero baud". 


The bit rates most commonly 
used in modern data terminals 
(110, 
150, 300, 1200, 2400 baud) require that 
no more than 
one input 
be grounded, 
easily achieved with a single pole, 5-position 
switch. 2400 baud is selected by two different 
codes, so 
that the whole spectrum of modern digital communication 
rates has a common 
HIGH on the S3 input. 


Initialization 
(Reset) - The initialization 
circuit generates a common 
master reset signal for all flip-flops 
in the 4702B/4702BX. 


This signal is derived from 
a digital 
differentiator 
that sensesthe first 
HIGH 
level on the CP input 
after the ECp input goes 
LOW. When ECp is HIGH. selecting the Crystal input, CP must be LOW. A HIGH level on CP would apply a continuous 
reset. 


All 
inputs to the 4702B/4702BX, 
except IX have on-chip pull·Olp circuits which improve TTL compatibility 
and eliminate 
the 
need to tie a permanently 
HIGH input to VDD. 


SYMBOL 
PARAMETER 
LIMITS 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
3.5 
V 
All 
Guaranteed 
Input 
High 
Voltage 


Vil 
Input 
lOW 
Voltage 
1.5 
V 
All 
Guaranteed 
Input 
LOW 
Voltage 


4.95 
MIN. 
25°C 
IOH < 1 jlA. 
Inputs at 0 or 5 V per 
-- 
V 
VOH 
Output 
HIGH 
Voltage 
4.95 
MAX 
the Logic Function or Truth Table 


4.5 
V 
All 
IOH < 1 uA. 
Inputs at 1.5 or 3.5 V 


0.05 
V 
MIN. 
25°C 
IOl < 1 jlA. 
Inputs 
at 0 or 5 V per 


VOL 
Output 
lOW 
Voltage 
0.05 
MAX 
the 
Logic 
Function 
or Truth 
Table 


0.5 
I 
V 
All 
I 
IOl < 1 jlA. 
Inputs at 1.5 or 3.5 V 


I 


Input LOW Current 
XC 
0.3 
MIN. 25uC 


Il 
for 
Input 
IX 
1 
jlA 
MAX 
Pin under 
Test at 0 V 


(See 
XM 
0.1 
jlA 
MIN. 25°C 
All other 
Inputs Simultaneously 
Note 1) 
1 
MAX 
at 5 V 


Input 
lOW 
Current 
XC 
-15 
-30 
-100 


for all Other 
Inputs 
XM 
-30 
jlA 
25°C 
-15 
-100 


XC 
0.3 
MIN. 
25°C 


Input 
HIGH 
Current 
1 
jlA 
MAX 
Pin 
Under 
Test 
at 5 V 


IIH 
for all 
Inputs 
XM 
0.1 
MIN. 25°C 
All other 
Inputs 
Simultaneously 
uA 
MAX 
at 0 V 
1 


Output 
HIGH 
Current 
-0.3 
mA 
MIN. 
25°C 


for Output 
Ox 
-0.1 
MAX 
VOUT = 4.5 V 


IOH 
Output 
HIGH 
Current 
-1.5 
MIN. 
25°C 


-1 
mA 
VOUT = 2.5 V 
for all other 
Outputs 
MAX 


-0.5 
MIN. 25uC 
Inputs 
at 0 or 5 V 


-0.3 
mA 
VOUT = 4.5 V 
per Logic 
MAX 
Function 
or 
Output 
LOW 
Current 
0.2 
mA 
MIN. 
25°C 
Truth 
Table 


tOl 
for Output 
Ox 
0.1 
MAX 


Output 
LOW 
Current 
3.2 
MIN. 
25°C 
VOUT = 0.4 V 


for all Other 
Outputs 
1.6 
mA 
MAX 


XC 
100 
MIN. 
25°C 
jlA 
- 


Quiescent 
Power 
1000 
MAX 
ECp = VDD. CP = 0 V. 


IDD 
Supply 
Current 
XM 
10 
MIN. 
25°C 
All other Inputs at 0 V 


150 
jlA 
MAX 
or VDD (Note 61 
• 


SYMBOL 
PARAMETER 
LIMITS 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


IpLH 
Propagation 
Delay 
175 
350 
IX 10 CO 
135 
275 
ns 
IpHL 


IpLH 
Propagation 
Delay 
130 
260 
IPHI., 
CP 10 CO 
110 
220 
ns 


IpLH 
Propagation 
Delay 
53 
Note 
IpHL 
CO to On 
45 
5 
ns 


tPLH 
Propagation 
Delay 
37 
85 
CL = 50 pF, 
tpHL 
CO to Z 
32 
ns 
75 
RL = 200 kn 


tTLH 
Output 
Transition 
80 
160 
Input Transition 


'THL 
Time (Except 
OX) 
35 
75 
ns 
Times 
or;;;; 20 ns 


Is 
Sel-Up Time, Selecl 
10 CO 
350 
185 
CL" 
7 pF on Ox 


th 
Hold Time, Selecl 
10 CO 
-182 
ns 


Is 
Sel-Up Time, 
I.", to CO 
350 
190 


Ih 
Hold Time, 1M to CO 
0 
-182 
ns 


IwCPILI 
Minimum 
Clock 
Pulse Width 
120 
60 
IwCPIHI 
LOW and HIGH 
120 
60 
ns 


IwlxlLl 
Minimum 
IX 
Pulse Width 
160 
75 
IwlxlH) 
LOW and HIGH 
160 
75 
ns 


NOTES: 
1. 
Propagation 
Delays and Output 
Transition 
Times 
are graphically 
described 
under 40008 
Series CMOS 
Family 
Characteristics. 


2. 
The first 
HIGH 
level Clock 
Pulse after 
ECp goes LOW 
must be at least 350 
ns long to guarantee 
reset of all Counters. 
3. 
It 
is recommended 
that 
input 
rise and fall times to the Clock 
Inputs 
(CP, IX) 
be less than 
15 
j,lS at VOO:::: 5 V, 4IJs at VOO:::: 
10 V, and 3IJs 
al VDD = 15 V, and Ihe VDD pin should be decoupled. 
4. 
Input 
current 
and 
quiescent 
power 
supply 
current 
are 
relatively 
higher 
for 
this 
device 
because 
of 
active 
pull-up 
circuits 
on all 
inputs 
except 
IX. 
This is done for TTL 
compatibility. 
5. 
For multichannel 
operation, 
propagation 
delay, 
CO to On, plus set-up time, 
select to CO, is guaranteed 
to 
OS;; 367 
ns. 
6. 
I DO is measured 
on Pin 8 and does not include 
I nput 
Leakage Currents. 


APPLICATIONS 


Single Channel Bit Rate Generator 
- 
Figure 
1 shows the simplest application 
of the 4702B/4702BX. 
This circuit 
generates 
one of five possible bit rates as determined 
by the setting of a single pole, 5-position 
switch. The bit rate output 
(Zl drives onc 
standard TTL 
load or four 
low power Schottky 
loads over the full 
temperature 
range. The possible output 
frequencies cor- 
respond to' 
10,150,300,1200, 
and 2400 Baud. For many low cost terminals these five bit rates are adequate. 


Simultaneous 
Generation 
of Several Bit Rates: 


Fixed 
Programmed 
Multichannel 
Operation 
- 
Figure 2 shows a simple scheme that generates eight bit rates on eight output 
lines, using one 4702B/4702BX 
and one 93L34 
8-Bit Addressable 
Latch. This and the following 
applications 
take advantage 
of the built-in 
scan counter 
(prescaler) outputs. 
As shown in the block diagram, these outputs 
(00 to 02) go throu9h 
a com- 
plete sequence of eight states for every half-period 
of the highest output 
frequency 
(9600 Baud). Feeding these Scan Counter 
outputs 
back to the Select inputs of the multiplexer 
causes the 4702B/4702BX 
to interrogate 
sequentially 
the state of eight 
different 
frequency 
signals. The 93L34 8-Bit Addressable Latch, addressed by the same Scan Counter outputs, 
reconverts the 
multiplexed 
single output 
(Zl 
of the 4702B/4702BX 
into eight parallel output 
frequency 
signals. In the simple scheme of 
Figure 2, input 
S3 is left open (HIGH) 
and the following 
bit rates are generated: 


00: 
110 Baud, 
0,: 
9600 Baud, 
02: 
4800 Baud, 


04: 
1200 Baud, 
aS: 
2400 Baud, 
06: 
300 Baud, 


1800 Baud, 


150 Baud_ 


Other bit rate combinations 
can be generated by changing the Scan Counter to selector interconnection 
or by inserting logic 
gates into this path. 


Fully 
Programmable 
Multichannel 
Operation 
- 
Figure 3 shows a fully 
programmable 
8-channel bit rate generator system that, 
under 
computer 
control, 
generates arbitrarily 
assigned bit rates on all eight outputs 
simultaneously. 
The basic operation 
is 
similar 
to 
the 
previously 
described 
fixed 
programmed 
system, 
but 
two 
9LS170 
4 x 4 Register 
File 
MSI 
packages are 
connected 
as programmable 
look-up 
tables between the Scan Counter 
outputs 
(00 
to 02) and the multiplexer 
Select inputs 
(SO to S3). The content 
of this 8·word by 4·bit memory determines which frequency 
appears at what output. 


19200 Baud Operation 
- 
Though a 19200 Baud signal is not internally 
routed to the multiplexer, 
the 4702B/4702BX 
can be 
used to generate this bit rate by connecting 
the 02 
output 
to the 1M input 
and applying 
select code 0 or 1. An additional 
2-input 
NAND gate can be used to retain the "Zero 
Baud" feature on select code O. Any multichannel 
operation 
that involves 
19200 Baud must be limited 
to four 
outputs 
as shown in Figure 4_ Only 
the two least significant 
Scan Counter outputs 
are 
used, so that the scan is completed 
within 
one half period of the 19200 output 
frequency. 


Clock Expansion 
- 
One 4702B/4702BX 
can control 
up to eight output 
channels. For more than eight channels, additional 
bit rate generators are required. 
These bit rate generators can all be run from the same crystal or clock input. Figure 5 shows 
one possible expansion 
scheme. One 4702B/4702BX 
is provided 
with a crystal. All other devices derive their clock from this 
master. Figure 
6 shows a different 
scheme where the master clock output 
feeds into the·lx 
input 
of all slaves and all ECp 
inputs are normally 
held HIGH. This scheme retains the reset feature and the selection between two different 
clock sources of 
the basic 4702B/4702BX 
circuit. 
• 


During normal 
operation, 
the common 
ECp line is HIGH 
and the common 
clock 
line (CP) is LOW. For diagnostic purposes 
the common 
ECp is forced 
LOW. This deselects the crystal frequency 
and initiates t~,ediagnostic mode. When CP goes HIGH 


. for the first 
time, all 4702B/4702BXs 
are reset through 
their 
individual 
on-chip initialization 
circuitry. 
Subsequent LOW·to· 
HIGH clock transitions on the common CP line advance the scan counter, causing all 4702B/4702BXs 
to operate synchronously. 


~:: 
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Fig. 1 


SWITCH 
SELECTABLE 
BIT 
RATE 
GENERATOR 
CONFIGURATION 
PROVIDING 
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Fig. 2 


BIT 
RATE 
GENERATOR 
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FREQUENCIES 


56 pF 


~PF 


Cp'M 
So 
51 52 
53 


ECp 
47028 
4702BX 


'X 
Ox 
CO 00 a, Oz 
z 


°7 
0«; 


Os 
° 
°4 
93134 03 


E 
0z 
°1 
00 


CHANNEL 
6 


CHANNEL 
5 


CHANNEL 
4 


CHANNEL 
3 


CHANNELZ 


CHANNEll 


CHAN~ 


CHANNEL 
7 


Fig. 3 


FULLY 
PROGRAMMABLE 
a·CHANNEL 
BIT RATE 
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TANDEM 
CLOCK 
EXPANSION 
SCHEME • 


CRYSTAL 
SPECIFICATION 
RECOMMENDATIONS 
- 
Table 3 IS a convenIent 
listing of recommended crystal specifications. 


Crystal manufacturers 
are also listed below. 


PARAMETERS 
TYPICAL 
CRYSTAL 
SPEC 


Frequency 
2.4576 MHz "AT"" 
Cut 


5eries Resistance 
(Max) 
250 !! 


Unwanted 
Modes 
-6 dB (Min) 


Type 
of Operation 
Parallel 


Load Capacitance 
32 pF ·0.5 


CTS 
Knights. 
Inc. 


Sandwich, 
III. 
60548 
18151 786·84' 1 
Crystal 
p:F1004 


International 
Crystal 
Mfg, 
Company 


10 No. 
Lee 


Oklahoma 
City. 
Okla. 
73102 
1405) 2363741 


x . Tron 
Electronics 


1869 
National 
Ave. 


Havward, 
Calif. 
(4'51 
783·2145 


Sentry 
Manufacturing 
Co. 


Crystal 
Park 


Chickasha, 
Oklahoma 
73018 
1405) 2246780 


Crystal 
tt SGP 
6-2.4576 
or 
Crystal 
II SGP· 7-2.4576 
Erie 
Frequency 
Control 


499 
Lincoln 
51. 


Carlisle, 
Pa. 17013 
17171 24g·2232 


47038/47038X 


FIRST-IN FIRST-OUT 
(FIFO) BUFFER MEMORY 


FAIRCH 
ILD 
CMOS 
MACROLOGIC™ 


DESCRIPTION 
- 
The 
4703B/4703BX 
is an expandable 
fall-through 
type 
high-speed 
First-In 
First-Out 
(FIFO) 
Buffer 
Memory 
optimized 
for 
high speed disc or tape control- 
lers and communication 
buffer 
applications. 
It is organized 
as 16 words by four 
bits and 
may be expanded 
to any number 
of words or any number 
of bits (in multiples 
of four). 


Data may be entered 
or extracted 
asynchronously 
in serial or parallel, allowing 
economi- 
cal implementation 
of buffer 
memories. 


The 4703B/4703BX 
has 3-state 
outputs 
which 
provide 
added 
versatility 
and is fully 
compatible 
with 
all CMOS families. 


The 4703B 
is specified 
to operate 
over a power 
supply 
voltage range of 4.5 V to 12.5 V 
and the 4703BX 
is specified to operate over a power supply 
voltage range of 3 V to 15 V. 


• 
5.3 MHz SERIAL 
OR PARALLEL 
DATA 
RATE, 
TYPICALLY 
AT VDD = 10 V 
• 
SERIAL 
OR PARALLEL 
INPUT 
• 
SERIAL 
OR PARALLEL 
OUTPUT 
• 
EXPANDABLE 
WITHOUT 
EXTERNAL 
LOGIC 
• 
3·STATE 
OUTPUTS 
• 
FULLY 
COMPATIBLE 
WITH 
ALL 
CMOS FAMILIES 
• 
SLIM 
24·PIN 
PACKAGE 


Parallel Data Inputs 
Serial Data Input 
Parallel Load Input 
Serial Input 
Clock 
Input 
(HIGH·to·LOW 
Triggered) 
Serial Output 
Clock 
Input 
(HIGH-to-LOW 
Triggered) 
Serial Input 
Enable (Active 
LOW) 
Transfer to Stack Input 
(Active 
LOW) 
Transfer 
Out Serial Input 
(Active 
LOW) 
Transfer 
Out Parallel Input 
Serial Output 
Enable Input 
(Active 
LOW) 
Output 
Enable Input 
(Active 
LOW) 
Master Reset Input 
(Active 
LOW) 
Input 
Register Full Output 
(Active 
LOW) 
Output 
Register Empty 
Output 
(Active 
LOW) 
Parallel Data Outputs 
Serial Data Output 


NOTE: 
The 
Flatpak 
version 
has 
the 
seme 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-line 
Package. 


o 
PL 
® 
CPSI----() 


CD iEs--<) 
@m--o 


it 


Voo 
= Pin 24 


VSS = Pin 12 
o = Pin Numbers· 


1. An Input 
Register with parallel and serial data 
inputs as well as control 
inputs and outputs 
for input handshaking 
and 
expansion. 
2. A 4·bit wide, 14-word deep fall-through 
stack with self-contained 
control 
logic. 


3. An Output 
Register with parallel and serial data outputs 
as well as control 
inputs and outputs 
for output 
handshaking 
and 
expansion. 


Since these three sections operate asynchronously 
and almost independently, 
they will be described separately 
below: 


Input Register (Data Entry): 
The Input 
Register can receive data in either bit-serial or in 4-bit parallel form. It stores this data until it is sent to the fall- 
through stack and generates the necessary status and control signals. 


Figure 
1 is a conceptual 
logic diagram of the input section, as described later, this 5-bit register is initialized by setting the F3 
flip-flop and resetting 
the other flip-flops. 
The O-output 
of the last flip-flop (FC) is brought out as the "Input 
Register Full" 
output 
(IRF). After initialization 
this output 
is HIGH. 


Parallel Entry - A HIGH on the PL input loads the 00-03 
inputs into the FO-F3 
flip-flops and sets the FC flip-flop. This 
forces the IRFoutput 
LOW indicating that the input register is full. During parallel entry, the CPSI input must be LOW. If 
parallel expansion 
is not being implemented, 
IES must be LOW to establish row mastership 
(see Expansion 
section). 
The 
00-03 
inputs are "ones catching" 
and must remain stable while PL is HIGH. 


• 


Fig. 1 
CONCEPTUAL 
INPUT SECTION 


Serial Entry - Data on the Os input is serially entered into the F3. F2' Fl' 
FO. FC shift register on each HIGH·to-LOW tran- 


sition of the CPSI clock input, provided IES and PL are LOW. 


After the fourth 
clock transition. 
the four data bits located 
in the four flip-flops FO-F3' 
The FC flip-flop is set, forcing the 
IRF output 
LOW and internaiiy inhibiting CPSI clock pulses from effecting the register. Figure 2 illustrates the final positions 
in a 4703B/4703BX 
resulting from a 64-bit serial bit train. BO is the first bit. B63 the last bit. 


Transfer 
to the Stack - The outputs 
of Flip-Flops 
FO-F3 
feed the stack. A LOW level on the TTS input initiates a "fall- 


through" 
action. 
If the top location of the stack is empty. data is loaded into the stack and the input register is re-initialized. 


Note that this initialization 
is postponed 
until PL is LOW again. Thus. automatic 
FIFO action is achieved by connecting 
the 
IRF output 
to the TTS input. 


An RS Flip-Flop 
(the Request 
Initialization 
Flip-Flop 
shown in Figure 
10) in the control 
section 
records the fact that data 
has been transferred 
to the stack. This prevents multiple 
entry of the same word into the stack despite the fact the IRF and 
TTS may still be LOW. The Request 
Initialization 
Flip-Flop 
is not cleared until PL goes LOW. Once in the stack, data falls 
through the stack automatically. 
pausing only when it is necessary to wait for an empty next location. 
In the 4703B/4703BX, 
as in most modern FIFO designs. the MR input only initializes the stack control section and does not clear the data. 


Fig. 2 
FINAL POSITIONS IN A 4703B/4703BX 
RESULTING 
FROM A 64-BIT SERIAL TRAIN 


Output 
Register (Data Extraction) 
- The Output 
Register receives 4-bit data words from the bottom 
stack location, stores it 
and outputs 
data on a 3-state 4-bit parallel data bus or on a 3-state serial data bus. The output 
section generates and receives 
the necessary status and control 
signals. Figure 3 is a conceptual 
logic diagram of the output 
section. 


Fig. 3 
CONCEPTUAL OUTPUT SECTION 


Parallel Data Extraction 
- When the FIFO is empty after a LOW pulse is applied to MR, the Output 
Register Empty (~) 
output 
is LOW. After data has been entered 
into the FIFO and has fallen through 
to the bottom 
stack location, 
it is trans- 
ferred into the Output 
Register provided the "Transfer 
Out Parallel" 
(TOP) input is HIGH. As a result of the data transfer 
ORE goes HIGH, indicating valid data on the data outputs 
(provided the 3-state buffer is enabled). 
TOP can now be used to 
clock out the next word. When TOP goes LOW, ORE will go LOW indicating that the output 
data has been extracted, 
but the 
data itself remains on the output 
bus until the next HIGH level at TOP permits the transfer 
of the next word (if available) 
into the Output 
Register. During par.allel data extraction 
CPSO should be LOW.TOS should be grounded for single slice oper- 
ation or connected 
to the appropriate 
ORE for expanded 
operation 
(see Expansion section). 


TOP is not edge triggered. 
Therefore, 
if TOP goes HIGH before data is available from the stack, but data does become avail- 
able before TOP goes LOW again, that data will be transferred 
into the Output 
Register. However, internal control 
circuitry 
prevents 
the same data from being transferred 
twice. 
If TOP goes HIGH and returns to lOW before data is available from 
the stack, ORE remains 
LOW indicating that there is no valid data at the outputs. 


Serial Data Extraction 
- When the FIFO is empty after a lOW pulse is applied to MR, the Output 
Register Empty (ORE) out- 
put is lOW. After data has been entered 
into the FIFO and has fallen through to the bottom stack location, 
it is transferred 
into the Output 
Register provided 'f(jS is lOW and TOP is HIGH. As a result of the data transfer ORE goes HIGH indicating 
valid data in the register. The 3-state Serial Data Output, 
aS, 
is automatically 
enabled and puts the first data bit on the out. 
put bus. Data is serially shifted out on the HIGH-to-lOW 
transition 
of CPSO. To prevent false shifting, CPSO should be LOW 
when the new word is being loaded into the Output 
Register. The fourth transition 
empties the shift register, forces OM out- 
put lOW and disables the serial output, 
aS 
(refer to Figure 3). For serial operation 
the ~ 
output 
may be tied to the TOS 
input, requesting a new word from the stack as soon as the previous one has been shifted out. 


• 


EXPANSION 


Vertical 
Expansion - 
The 4703B/4703BX 
may be vertically 
expanded 
to store more words without 
external 
parts. The 
interconnections 
necessary to form 
a 46-word 
by 4-bit 
FIFO are shown in Figure 4. Using the same technique. 
any FIFO of 
(15n + 1) words by four bits can be constructed. 
where n is the number of devices. Note that expansion does not sacrifice any 
of the 4703B/4703BX's 
flexibility 
for serial/parallel 
input 
and output. 
For other expansion schemes, refer to the Applica- 
tions section of this book. 
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Fig. 4 
A VERTICAL 
EXPANSION 
SCHEME 


Horizontal 
Expansion 
- 
The 4703B/4703BX 
can also be horizontally 
expanded to store long words (in multiples 
of four bits) 
without 
external 
logic. The interconnections 
necessary to form 
a 16·word 
by 12-bit 
FIFO are shown 
in Figure 5. Using the 
same technique, 
any FIFO 
of 16 words by 4n bits can be constructed, 
where n is the number of devices. The iRF output 
of 
the right 
most device (most significant 
device) is connected to the TTS inputs of all devices. Similarly, 
the ORE output 
of the 
most significant 
device is connected 
to the TOS inputs of all devices. As in the vertical expansion scheme, horizontal 
expan- 


sion does not sacrifice any of the 4703B/4703BX's 
flexibility 
for serial/parallel 
input and output. 


It should 
be noted that this form 
of horizontal 
expansion extracts a penalty in speed. A single FIFO is guaranteed to operate 
at 3.4 MHz; an array of four 
F IFOs connected 
in the above manner is guaranteed at 1.5 MHz. An expansion scheme that pro- 


vides higher speed but requires additional 
components 
is shown in the Applications 
section of this book. 


Horizontal 
and Vertical 
Expansion - 
The 4703B/4703BX 
can be expanded 
in both 
the horizontal 
and vertical 
directions 
without 
any external 
parts and without 
sacrificing 
any of its FIFO's flexibility 
for serial/parallel 
input and output. 
The inter- 
connections 
necessary to form 
a 31-word 
by 
16·bit 
FIFO are shown in Figure 6. Using the same technir;ue, 
any FIFO 
of 
(15m + 1) words 
by 
(4n) 
bits can be constructed, 
where m is the number of devices in a column 
and n is t;'" number 
of 
devices in a row. 


Figures 
7 and 8 show th~ timing 
diagrams for 
serial data entry 
and extraction 
for the 31-word 
by 16-bit 
FIFO shown in 
Figure 6. The final position 
of data after serial insertion 
of 496 bits into the FIFO array of Figure 6 is shown in Figure 9. 
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Fig. 5 
A HORIZONTAL 
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SCHEME 
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I 
ORE 
OES 
ORE 10-;.';: 
.1J031:l 
1/038 
11038 
1/0311 
--<l 
TOS 
1I038l<. 
TOs 
1/038l<. 
TOS 
llOJB), 
TOS 
1I1l311l<. 


TOP 
TOP 
TOP 
TOP 
READY 
-::: 


CPSG 
~ 


CPSO 
~ 


CPSG 
~ 


CPSO 


EO 
EO 
EO 
EO 
MR 
03020,000S 
MR 
0) 
020,OOOS 
MR 
03020,000S 
MR °3°2°,°0°5 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SERIAL 


DATA 


OUTPUT 


-=- 


OUTPUT 


ENABLE 
OUTPUT 


CLOCK 


DUMP 


Fig. 6 
A 31 X 16 FIFO 
ARRAY 
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Fig. 7 
SERIAL 
DATA 
ENTRY 
FOR ARRAY 
OF FIG. 
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Fig. 8 
SERIAL 
DATA 
EXTRACTION 
FOR ARRAY 
OF FIG. 6 


Fig. 9 
FINAL 
POSITION 
OF A 496-BIT 
SERIAL 
INPUT 


• 


Interlocking 
Circuitry - Most conventional 
FIFO designs provide status signals analogous to iRF and ORE. However, when 
these devices are operated 
in arrays, variations in unit to unit operating speed require external gating to assure all devices have 
completed 
an operation. 
The 4703B/4703BX 
incorporates 
simple but effective "master/slave" 
interlocking 
circuitry to elimi- 
nate the need for external gating. 


In the 4703B/4703BX 
array of Figure 6 devices 1 and 5 are defined as "row masters" 
and the other devices are slaves to the 
master in their row. No slave in a given row will initialize its Input Register until it has received LOW on its IES input from a 
row, master or a slave of higher priority. 


In a similar fashion, 
the ORE outputs 
of slaves will not go HIGH until their OES inputs have gone HIGH. This interlocking 
scheme ensures that new input data may be accepted 
by the array when the iRF output 
of the final slave in that row goes 
LOW and that output 
data for the array may be extracted 
when the ORE of the final slave in the output 
row goes HIGH. 


The row master is established 
by connecting 
its IES input to ground while a slave receives its IES input from the TR"F output 
of the next higher priority 
device. When an array of 4703B/4703BX 
FIFOs is initialized with a LOW on the MR inputs of all 
devices, the iRF outputs 
of all devices will be HIGH. Thus, only the row master receives a LOW on the IES input during 
initialization. 
Figure 
10 is a conceptual 
logic diagram of the internal circuitry which determines 
master/slave 
operation. 
When- 
ever MR and IES are LOW, the Master Latch is set. Whenever TTS goes LOW the Request Initialization 
Flip-Flop will be set. 


If the Master Latch is HIGH, the Input Register will be immediately 
initialized and the Request Initialization 
Flip-Flop will 
be set. If the Master Latch is HIGH, the Input Register will be immediately 
initialized and the Request Initialization 
Flip-Flop 
reset. If the Master Latch is reset, the Input Register is not initialized until IES goes LOW. In array operation, 
activating the 
TTS initiates a ripple input register initialization 
from the row master to the last slave. 


A similar operation 
takes place for the output 
register. Either a TOS or TOP input initiates a load-from-stack 
operation 
and 
sets the ORE Request 
Flip-Flop. 
If the Master Latch is set, the last Output 
Register Flip-Flop is set and ORE goes HIGH. If 
the Master Latch is reset, the ORE output 
will be LOW until an OES input is received. 


LOAD 
OUTPUT 
(DERIVED 
FROM 
TOP AND m 


AEGISTER 


TOP 
fOS 


Fig. 10 
CONCEPTUAL DIAGRAM, INTERLOCKING 
CIRCUITRY 


LIMITS 


SYMBOL 
PARAMETER 
VOO : 5 V 
VOO - 10 V 
VOO 
15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
_.- 


1.6 
MIN, 25 C 
XC 
12 
Output 
OFF 
MAX 
Output 
Returned 


IOZH 
HIGH 
Current 
pA 
MIN, 25 C 
- 
CA 
to VOO, EO = VOO 
XM 
12 
MAX 


-1.6 
MIN,25'C 


XC 


-12 
Output 
OFF 
MAX 
Output 
Returned 


IOZL 
LOW Current 
pA 
MIN, 25 C 
to VSS, EO = VOO 
XM 
-0.4 


-12 
MAX 


Quiescent 
32.5 
65 
130 
MIN,25 
C 
XC 
1000 
pA 


Power 
250 
500 
MAX 
All Inputs at 


100 
Supply 
8.75 
17.5 
35 
MIN,25"C 
o Vor 
VOO 


XM 
250 
500 
pA 


Current 
1000 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO 
= 10 V 
VOO = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpHL 
Propagation 
Delay. CPSI to TRF 
215 
430 
81 
162 
57 
114 
ns 


tPLH 
Propagation Delay, TTS to IRF 
439 
878 
131 
262 
92 
184 
ns 
CL = 50 pF. 


tPLH 
Propagation 
Delay. 
CPSO to Os 
306 
612 
68 
136 
48 
96 I 
R L = 200 kH 


tPHL 
299 
598 
79 
158 
56 
112 
ns 
Input Transition 


tPLH 
325 
650 
128 
256 I 
90 I 
180 
Times ~ 20 ns 
Propagation Delay. TOP to On 
ns 


tPHL 
293 
586 
114 
228 
80 
160 
• 


AC CHARACTERISTICS 
AND SET-UP 
REQUIREMENTS 
(Cont'd): 
VOO 
as shown, 
VSS 
= 0 V, TA = 25°C 


LIMITS 


SYMBOL 
PARAMETER 
VOD = 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpHL 
Propagation 
Delay, CPSO to OR E 
159 
318 
74 
148 
52 
104 
ns 


tpLH 
Propagation 
Delay, TiJS to ORE 
320 
640 
114 
228 
80 
160 
ns 


tPLH 
Propagation 
Delay. 
401 
802 
134 
268 
! 
94 


1 


'88 
CL = 50pF, 


tpHL 
TOP to ORE 
256 
512 
109 
218 
77 
154 
ns 
RL =200 
kfl 


Propagation 
Delay, PL to IRF 
119 
238 
44 
88 
i 
31 


t 


62 
Input Transition 
tpHL 
ns 


tFT 
Fall Through 
Time 
2020 
4040 
820 
1640 
574 
1148 
ns 
I 


Times:SO; 
20 
ns 


tPZH 
51 
102 
24 
48 
17 -r 
34 


~ 


(RL = 1 kfl 
to VSS! 


tpZL 
Output 
Enable Time 
85 
170 
33 I 
66 
24 
48 
ns 
{RL = 1 kfl 
to VDD! 


tpHZ 
64 
128 
34 I 
68 
24 
48 
IRL = 1 kfl 
to VSS! 
Output 
Disable Time 
80 
160 
39 
78 
28 
56 


~ 


tPLZ 
(RL = 1 kfl 
to VDD) 


tTLH 
46 
92 
25 
50 
18 
36 


tTHL 


Output 
Transition 
Time 
34 
58 
18 
36 
13 
26 
ns 


I 


twCP{H! 
Min CPSI Pulse Width 
(HIGH) 
118 
59 
44 
22 
31 
16 
ns 


twCPIL} 
Min CPSI Pulse Width 
(LOW! 
220 
110 
108 
54 
76 
i 
38 
ns 


twB'(L) 
Min Ci'SO Pulse Width 
(LOW! 
120 
60 
60 
30 
42 
21 
I 
ns 


twCP(H) 
Min CPSO Pulse Width 
(HIGH! 
110 
55 
72 
36 
51 
26 
ns 


twPLlH) 
Min PL Pulse Width 
(HIGH) 
122 
61 
44 
22 
31 
16 
ns 


twTTS(L} 
Min mPulse Width 
(LOW) 
160 
80 
124 
62 
87 
44 
ns 


twTOS(L} 
Min TOS Pulse Width 
(LOW) 
182 
91 
60 
30 
42 
21 
ns 


twTOP(L} 
Min TOP Pulse Width 
(LOW) 
142 
71 
52 
26 
37 
19 
ns 


twMR(L} 
Min MR Pulse Width 
(LOW) 
192 
96 
108 
54 
76 
38 
ns 


tree 
MR Recovery 
Time 
44 
22 
36 
18 
26 
13 
ns 


ts 
Set·Up 
and Hold 
Times, 
104 
52 
40 
20 
28 
14 


th 
Ds to CPSI 
-8 
-15 
24 
12 
18 
9 
ns 


ts 
Set-Up and Hold Times, TTS to 
186 
93 
98 
49 
70 
35 


th 
T'R"F, 
Serial or Parallel 
Mode 
76 
38 
52 
26 
38 
19 
ns 


ts 
Set-Up Time, 
ORE to TOS 
-151 
-302 
-21 
-42 
-15 
-30 
ns 


fMAX 
Input 
CLOCK 
Frequency 
1.1 
2.3 
2.6 
5.3 
3.4 
6.9 
ns 


(Note 2) 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
For fMAX 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


3. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
I nput 
be less than 
15 JJsat 
VOO 
= 5 V. 
4 JJsat 
V DO = 10 
V. 
and 
3 JJSat 
VOO-= 
15 
v. 


SWITCHING 
WAVEFORMS 


/ 
\ 
1/ 
\ 


EO~ 


50% 
\50% 
EO ---l 
50% 
K5O% 


~ 


tpZH 
IpZl 
~ 
- 
I 
,- - - - .. 
,90% 
, 
HIGH Z 
90% 
OUTPUT 
HIGH Z 
" 
.. 
.....,0% 
OUTPUT 
"OFF" 
STATE 
, 


"OFF" 
STATE 
10% 


.•.... - - _ 
..•. 
I 
~ 


OUTPUT 
ENABLE 
TIME 
OUTPUT 
ENABLE 
TIME 
('PZH) 
AND 
OUTPUT 
DISABLE 
TIME 
('PHZ! 
('PZL! 
AND 
OUTPUT 
DISABLE 
TIME 
('PLZ! 


«:::-:::.:::- 
.:.:.:.::::::> 


MINIMUM 
CPSI PULSE WIDTH. 
PROPAGATION 
DELAY. 
CPSI TO IRF AND 
TTS TO iRF. 


RECOVERY 
TIME. iRF TO CPSI. AND SET-UP AND 
HOLD 
TIMES. 
Os TO CPSI. AND TTS TO iRF. 


CONDITIONS: 
STACK 
NOT 
FULL,IES, 
0 
PL 
0 
LOW 


PROPAGATION 
DELAY, 
CPSI TO iRF AND 
TTS TO IRF. 


RECOVERY 
TIME. 
IRF TO CPSI AND SET-UP AND 
HOLD 
TIMES, 
IES TO CPSI, Os TO CPSI AND TTS TO IRF. 


CONDITIONS: 
STACK 
NOT FULL 
IES 
0 
HIGH 
WHEN INITIALIZED, 
PL 
0 
LOW 


• 


SWITCHING 
WAVEFORMS 
ICont'dl 


SERIAL 
OUTPUT, 
UNEXPANDED 
OR MASTER 
OPERATION 


ORE RECOVERY 
TIME, 
PROPAGATION 
DELAY 
CPSO TO as, CPSO TO ORE, 
TOS TO ORE, MINIMUM 
CPSO PULSE WIDTH, 
MINIMUM 
TOS PULSE WIDTH 
AND SET·UP TIME 
ORE TO TOS. 


CONDITIONS: 
DATA 
IN STACK, 
TOP = HIGH, 
IES = LOW 
WHEN INITIALIZED, 
OES = LOW 


ORE RECOVERY 
TIME, 
PROPAGATION 
DELAY 
CPSO TO aS, CPSO TO ORE, 
TOS TO ORE, 
ANO SET·UP 


AND HOLD 
TIMES, OES TO CPSO, ORE TO TO'S, TOS 
TO CfE'S 


CONDITIONS: 
DA lA 
IN STACK, 
TOP = HIGH, 
IES = HIGH 
WHEN INI,TIALIZED 


CONOITIONS: 
TTS CONNECTED 
TO iRF, TOS CONNECTED 
TO ORE, iES, OES, EO, CPSO 
0 
LOW. TOP 
0 
HIGH 


PROPAGATION 
DELAY, 
TOP TO ORE, TOP TO an, AND 


MINIMUM 
TOP PULSE WIDTH 


• 


SWITCHING 
WAVEFORMS 
(Cont'd) 


PARALLEL 
LOAD MODE, FOUR BIT WORD (UN EXPANDED I 


OR MASTER 
IN PARALLEL 
EXPANSION 


twPLlHI 


NOTES: 


1. 
Initialization 
requires 
a master 
reset to occur 
after 
power 
has been applied. 


2. 
TTS 
normallv 
connected 
to 
IRF. 


3. 
If stack 
is full. 
i"RF will 
stay LOW. 


PROPAGATION 
DELAY 
PL TO IRF, TTS TO fRF. 


MINIMUM 
PL AND TTS 
PULSE WIDTHS, 
AND SET·UP AND 


HOLD TIMES On TO PL,IRF 
TO PL, TTS TO iRF. 


CONDITIONS, 
STACK 
NOT FULL, 
IES = LOW 


WHEN INITIALIZED 


PROPAGATION 
DELAY, 
TTS TO IES,IES 
TO IRF, PL TO IRF. 


MINIMUM 
PL AND TTS PULSE WIDTHS, 
AND SET·UP AND 
HOLD TIMES, 
On TO PL, IRF TO TTS, IRF TO PL 


CONDITIONS, 
STACK 
NOT FULL, 
DEVICE 
INITIALIZED 


WITH IES HIGH 


47048/47048X 
DATA PATH SWITCH 
FAIRCHILD 
CMOS 
MACROLOGIC 


DESCRIPTION 
- 
The 4704B/4704BX 
Data Path Switch 
(OPS) is a combinatorial 
array 
for closing data path loops around arithmetic/logic 
networks such as the 4705B/4705BX 
(Arithmetic 
Logic Register Stack). A total of 30 instructions 
(see Table 1) facilitate 
logic 
shifting, 
masking, 
sign 
extension, 
introduction 
of 
common 
constants 
and 
other 
operations. 


The 5-bit 
Instruction 
(10-14) 
selects one of the 32 instructions 
operating on two sets of 
4-bit 
data inputs 
(00-03, 
KO-K3)' 
Left 
Input 
(L1) and Left Output 
(LO) and Right 
Input 
(RI) 
and Right Output 
(RO) are available for expansion in 4-bit increments. An 
active 
LOW Output 
Enable 
input 
(EO) 
provides 
3-state control 
of 
the data outputs 
(00-03) 
for bus oriented applications. 


The 4704B/4704BX 
is fully 
compatible 
with all CMOS families. The 4704B is specified to 
operate over a power supply voltage range of 4.5 V to 12.5 V. The 4704BX 
is specified to 
operate over a power supply voltage range of 3 V to 15 V. 


• 
EXPANDABLE 
IN MULTIPLES 
OF FOUR BITS 
• 
TWO 4-BIT 
DATA 
INPUT 
BUSSES 
• 
4-BIT 
DATA 
OUTPUT 
BUS WITH 
3-STATE OUTPUT 
BUFFERS 
• 
USEFUL 
FOR BYTE MASKING 
AND 
SWAPPING 
• 
PROVIDES 
ARITHMETIC 
OR LOGIC SHIFT 
• 
PROVIDES 
FOR SIGN EXTENSION 
• 
GENERATES 
COMMONL Y USED CONSTANTS 
• 
SLIM 24-PIN PACKAGE 


DO - 03 


KO - K3 


10 - 
14 
LI 


LO 


RI 


RO 


EO 


00- 
03 


O-Bus Inputs 


K-Bus Inputs 


Instruction 
Input 


Shift Left Input 


Shift Left Output 


Shift Right Input 


.Shift 
Right Output 


Output 
Enable Input (Active LOW) 


Data Outputs 


VDD 
Pin 24 


VSS 
Pin 12 


CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NDTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual In·line Package. 


• 


VOO = Pin 24 


VSS 
= Pin'2 


o = Pin Number 


INPUTS 
OUTPUTS 
INPUTS 
OUTPUTS 
FUNCTION 
FUNCTION 
14 13 12 I, 10 
°3 
°2 
0, 
°0 
14 13 12 I, 10 
LO 
03 
02 
0, 
°0 
RO 


L 
L 
L 
L 
L 
L 
L 
L 
L 
Byte 
Mask 
H 
L 
L 
L 
L 
RI 
RI 
RI 
RI 
RI 
K-Bus Sign Extend 


L 
L 
L 
L 
H 
H 
H 
H 
H 
Byte 
Mask 
H 
L 
L 
L 
H 
K3 
K3 
K2 
K, 
KO 
K·Bus Sign Extend 


L 
L 
L 
H 
L 
L 
L 
L 
H 
Minus "2" in 25 Campi 1) 
H 
L 
L 
H 
L 
RI 
RI 
RI 
RI 
RI 
D-Bus 
Sign 
Extend 


L 
L 
L 
H 
H 
L 
L 
L 
L 
Minus "'" 
in 25 Comp( 1) 
H 
L 
L 
H 
H 
°3 
03 
02 
01 
°0 
D-Bus 
Sign 
Extend 


L 
L 
H 
L 
L 
°3 
°2 
0, °0 
Byte 
Mask, 
D-Bus 
H 
L 
H 
L 
L 
°3 
°2 
0, °0 
RI 
D-Bus Shift 
Left 


L 
L 
H 
L 
H 
H 
H 
H 
H 
Byte 
Mask, 
D-Bus 
H 
L 
H 
L 
H 
K3 
K2 
K, 
KO 
RI 
K-Bus Shift 
Left 


L 
L 
H 
H 
L 
°3 
°2 
0, °0 
Byte 
Mask. 
D-Bu5 
H 
L 
H 
H 
L 
LI 
03 
02 
0, °0 
D-Bus 
Shift 
Right 


L 
L 
H 
H 
H 
L 
L 
L 
L 
Byte 
Mask. 
D-Bus 
H 
L 
H 
H 
H 
03 
03 
02 
0, 
°0 
D-Bus 
Shift 
Right 
Arith(2l 


L 
H 
L 
L 
L 
L 
H 
H 
H 
Negative 
Byte Sign Mask 
H 
H 
L 
L 
L 
LI 
K3 
K2 
K, 
KO 
K·Bus 
Shift 
Right 


L 
H 
L 
L 
H 
H 
H 
H 
H 
Positive Byte Sign Mask 
H 
H 
L 
L 
H 
K3 
K3 
K2 
K, 
KO 
K·Bus Shift 
Right 
Arith(21 


L 
H 
L 
H 
L 
K3 
K2 
K, KO 
Byte 
Mask, 
K-Bus 
H 
H 
L 
H 
L 
K3 
K2 
K, 
KO 
BytE:: Mask, 
K-Bus 


L 
H 
L 
H 
H 
L 
L 
L 
L 
Byte 
Mask. 
K-Bus 
H 
H 
L 
H 
H 
H 
H 
H 
H 
ByteMask,K-Bus 


L 
H 
H 
L 
L 
°3 
°2 
0, °0 
Load Byte 
H 
H 
H 
L 
L 
°3 
°2 
0, 
°0 
Complement 
D-Bus 


L 
H 
H 
L 
H 
K3 
K2 
K, KO 
Load Byte 
H 
H 
H 
L 
H 
K3 
K2 
K, 
KO 
Complement 
K-Bus 


L 
H 
H 
H 
L 
H 
H 
H 
L 
Plus "1" 
H 
H 
H 
H 
L 
Undefined 
(Reserved) 
L 
H 
H 
H 
H 
H 
H 
H 
H 
Zero 
H 
H 
H 
H 
H 
Undefined 
(Reserved) 


FUNCTIONAL 
DESCRIPTION 
- 
The 
4704B/4704BX 
combines 
the 
functions 
of 
a dual 
4-input 
multiplexer, 
a 


true/complement 
one/zero 
generator, 
and a shift left/shift 
right array. 


As shown in Table I, there are two shift right modes. The arithmetic 
right shift preserves the sign bit in the most significant 


position while the logic shift moves all positions. 
Right shift is defined as a l-bit shift toward the least significant position. 


Fpr half-word arithmetic 
the 4704B/4704BX 
provides instructions 
which extend the sign bit left through the more significant 
slices. Shift linkages are available as individual inputs and outputs 
for complete flexibility. 


EXPANSION 
- Arrays 
of larger than 4-bit word 
lengths 
are easily obtained. 
Figure 
1 illustrates 
a 16-bit array constructed 
using four devices; device 
1 is the least significant 
and device 4 is the most significant 
slice. Within 
each slice. inputs and 
outputs 
with 
'0' subscript 
are the least significant 
bits, 


The 11through 
14inputs of all devices are bussed. These four bus lines together 
with the 10inputs of the devices form an 8-bit 
instruction 
bus to control 
the array. 
In some applications, 
it may be possible 
to connect 
the 10 inputs 
of devices 
1 and 2 
together 
and the 10 Inputs of devices 
3 and 4 together. 
so that only six bits are needed to control 
the arrays, 
Connecting 
the LO of device 
1 to RI of device 2. LO of device 2 to RI of device 3. etc,. provides 
left shift (ie., shift towards 
most signifi- 


cant bit) and sign extension, 
In a similar 
fashion 
right shift operation 
is accomplished 
by connecting 
the LI input of a device 
to the RO of the next more significant 
device. 


The sign-extend 
group consists of two adjacent 
instructions 
differing 
only 
in 10 (refer to Table 1), When the code HLLHH 
is 
placed on the 
instruction 
inputs 
(O-Bus Sign Extend), 
the most 
significant 
bit 
of 
the ° bus (03) 
is available on the LO 


output, 
The companion 
code HLLHL 
will 
copy the RI input 
(connected 
to LO of the previous stagel onto 
the output 
bus 


(00-03) 
and to 
its own 
LO output, 
Thus when a sign extend 
function 
is desired (e,g,. arithmetic 
operations 
on the eight 


least significant 
bits 
in a 16-bit 
machine) 
the 
code 
HLLH 
will 
be applied 
to 
instruction 
inputs 
114.13.12.111of all the 
4704B/4704BX's, 
'0 of the most significant 
byte will 
be LOW and 10 of the least significant 
byte will 
be HIGH, 
In a similar 


fashion sign-extend function 
on a number present on the K-Bus is executed by the code H LLL 
on 14. 13' 12. and '1' 


Ll 
02 
DO 
K3 
K 1 
RD 
10 
03 
01 
1(2 
KO 


:; 
4704B/4704BX 
13 
11lS5' 
I. 


EOLD 
0 
020,00 
RI 


1<3 
K, 
AO 


'0 
03 
D1 
K2 
KO 


:~ 
4704B/4704BX 


13 
2 
I. 


EOLD 
03020,00 
RI 


U 
02 
DO 


10 03 
D1 
K2 
KO 


:; 
4704B/4704BX 
13 
3 


14 


fOLD 
03020'00 
RI 


OUTPUT 


ENABLE 
MOST 
SIGNIFIC"'~N~T-----------------O-U-TP-U~T-.-US--------------------'-'-.5T 
SIGNIFICANT 


BIT 
BIT 


Fig. 1 


16-BIT 4704B/4704BX 
ARRAY 


The 
4704B/4704BX 
provides 
several 
options 
for 
masking 
operations, 
For 
example. 
Byte 
Mask operation 
(LLLL 
on 
14.13.12.11) will force the output 
bus either HIGH or LOW depending on 10' Connecting 
10 of the most significant 
byte HIGH 
and '0 of the least significant 
byte 
LOW will 
force the outputs 
of the DPS array to state of OOFF (in hexadecimal 
notation) 
16, A LOW on any output 
is assumed as logic 1. When the output 
bus of the 4704B/4704BX 
is used as an input 
to a 16-bit 
Arithmetic 
Logic 
Register Stack (ALSR) 
network 
(see Figure 2). the ALRS 
can execute a logic AND 
function 
between 
its 


inputs 
bus and one of its registers. thus masking the least significant 
byte of that register. More complex 
masking operation 


can be executed using the Byte AND Mask and Byte OR Mask operations 
(see Table 1), 


CARRY 


OUT 


NEGATI 
.•••e 


OVERflOW 


Fig_ 2 
16-BIT DATA 
PATH 
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LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25"C 


XC 
Output 
OFF 
12 
MAX 
Output 
Returned 
IOZH 
HIGH 
Current 
0.4 
~A 
MIN,25°C 
to VOO, 
EO = VOO 
XM 
12 
MAX 


-1.6 
MIN,25 


cC 


XC 
Output 
OFF 
-12 
MAX 
Output 
Returned 


IOZL 
LOW Current 
-0.4 
~A 
MIN,25cC 
to VSS, EO = VOO 
XM 


-12 
MAX 


Quiescent 
32.5 
65 
130 
MIN,25°C 
XC 
~A 
Power 
250 
500 
1000 
MAX 
All 
inputs 
at 0 V 


100 
Supply 
8.75 
17.5 
35 
MIN,25°C 
or VOO 
XM 
~A 
Current 
250 
500 
1000 
MAX 


AC CHARACTERISTICS 
AND 
SET-UP 
REQUIREMENTS 
(Cont'd): 
VOO as shown, 
VSS = 0 V, T A = 250C 
(See Note 
2) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation Delay, 
192 
384 
76 
152 
53 
106 


tpHL 
On. Kn to On 
232 
464 
85 
170 
56 
112 
ns 
CL = 50 pF, 


tPLH 
Propagation 
Delay, 
100 
200 
56 
112 
41 
82 
RL=2ookn 


tpHL 
On, Kn to LO, RO 
162 
324 
55 
110 
42 
84 
ns 
Input Transition 


tpLH 
Propagation 
Delay, 
106 
212 
63 
126 
49 
98 
Times" 
20 ns 


tpHL 
AI to LO 
178 
356 
61 
122 
49 
98 
ns 


tPLH 
Propagation 
Delay. 
133 
266 
56 
112 
37 
74 


tpHL 
LI to RO 
166 
332 
61 
122 
41 
82 
ns 


j 
tPLH 
Propagation 
Delay. 
204 
408 
83 
166 
57 
114 


i 
tPHL 
'n to On 
245 
490 
87 
174 
59 
118 
ns 


tPLH 
Propagation 
Delav. 
122 
244 
66 
132 
48 
96 


tpHL 
In to AO, LO 
199 
398 
69 
138 
50 
100 
ns 


tPZH 
Output 
Enable 
47 
94 
19 
38 
15 
30 
IRL 
D 1 kn 
to VSS) 


tPZL 
Time 
68 
136 
29 
58 
21 
42 
ns 
IRL 
= 1 kn 
to VOO) 


tpHZ 
Output 
Disable 
46 
'92 
41 
82 
34 
68 
IRL = 1 kn 
to VSS) 


tpLZ 
Time 
47 
94 
31 
62 
20 
40 
ns 
IRL = 1 kn 
to VOOI 


tTLH 
Output 
Transition 
80 
160 
43 
86 
32 
64 


tTHL 
Time, On 
129 
258 
38 
76 
26 
52 
ns 


tTLH 
Output 
Transition 
74 
148 
42 
84 
32 
64 


tTHL 
Time, 
LO and AO 
76 
152 
40 
80 
27 
54 
rs 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
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SWITCHING 
WAVEFORMS 


- 
/ 
, 
- 
/ 
\ 
EO 
50% 
1\50% 
EO ---.l 
50% 
1\50% 
--l 


tpHZ 
~H 
lPZl 
~ 
.•.....• 
I 
,- -- - " 
On 
,90% 
, 
, 
HIGH 
Z 
90% 
HIGH 
Z 
On 
"OFF" 
STATE 
" 
"OFF" 
STATE 
10% 
10% 
, 
" 
.. 
I 
'-- 
--- 


OUTPUT 
ENABLE 
TIME 
OUTPUT 
ENABLE 
TIME 
ItpZH) 
ANO 
OUTPUT 
DISABLE 
TIME 
ItPHZI 
hPZLI 
AND 
OUTPUT 
DISABLE 
TIME 
ItPLZI 
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47058/47058X 
ARITHMETIC 
LOGIC REGISTER STACK 


FAIRCHILD 
CMOS MACROLOGIC 


M 


DESCRIPTION 
- 
The Arithmetic 
Logic Register Stack (ALRS) 
is designed to implement 


accumulators 
in high performance 
microprogrammed 
digital 
systems. The device contains 
a 4·bit 
arithmetic 
logic 
unit 
(ALUI, 
an B·word 
by 4·bit 
RAM, 
and associated control 
logic. The ALU 
implements 
eight arithmetic 
and logic functions 
where one 4·bit operand 


is supplied 
from 
an external 
source 
(input 
data bus) and the second 4·bit 
operand 
is 


supplied 
internally 
from 
one of the eight 
RAM 
words 
selected by the Address 
Inputs 
(AO-A2). 
The 
result 
of the operation 
is loaded into 
the same RAM 
location 
and simul· 


taneously, 
IS loaded 
into 
the Output 
Register making 
it available at the 3·state output 
data bus. 


The 47058/47058X 
operates on four bits of data but features are provided for expansion 
to longer word 
lengths. Carry propagate and carry generate facilities 
are provided 
for an 


external 
carry 
lookahead 
where 
maximum 
operating 
speed is required. 
In applications 
where 
high·speed 
arithmetic 
is not 
needed, ripple expansion 
may also be implemented. 
The 47058/47058X 
provides 
three 
status signa:s: Zero, 
Negative and Overflow. 
These 
qualify 
the result of an operation. 
The 47058/47058X 
is fdly 
compatible 
with 
all CMOS 


families. 
The 47058 
is specified 
to operate over a power supply voltage range of 4.5 V to 
12.5 V. The47058X 
is specified 
to 
operate over a power supply 
voltage range of 3 V 
to 15 V. 


• 
VERY 
LOW POWER DISSIPATION 
• 
EIGHT 
ACCUMULATORS 
IN A SINGLE 
PACKAGE 
• 
HIGH SPEED-3.8 
MHz MICROINSTRUCTION 
RATE TYPICALLY 
AT VDD=10V 
• 
EXPANDABLE 
IN MULTIPLES 
OF FOUR BITS 
• 
PROVIDES 
FOR RIPPLE OR CARRY 
LOOKAHEAD 
• 
IMPLEMENTS 
64 MICROINSTRUCTIONS 
• 
PROVIDES 
STATUS 
- 
ZERO, NEGATIVE, 
AND OVERFLOW 
• 
3·STATE 
OUTPUTS 
• 
SLIM 24·PIN PACKAGE 


PIN NAMES 


DO-53 


AO - A2 


10 - 
12 


MSS 


CP 


EO 
5: 
60 - 63 
Vi 
X 
Y 


Z 


Data Inputs (Active 
LOW) 


Address Instruction 
Inputs 


ALU 
Instruction 
Inputs 


Most Significant 
Slice Input 
(Active 
HIGH) 


Clock Input 


Output 
Enable Input (Active 
LOW) 


Execute 
Input 
(Active 
LOW) 


Data Outputs 
(Active 
LOW) 


Ripple Carry Outputs 
(Active 
LOWI 


Carry Propagate Output 


Carry Generate Output 


Zero Status Output 
(Active 
HIGH, 


Open Collectorl 


VDD 
= Pin 24 


VSS· = Pin t2 


CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


CO-"TRell 
fY 


_.P 


~ 


@ 
C 
p 
G , v 
~ 
'II 
DO 
DO 


f, 
0, 
" 
® 
0, 
INSTRUCTION 
IJulr>UI 
DECODER 
f, 
Oil 
~E(,I'" T[ ~ 
I~ 
® 


FJ 
0, 
03 
" 


+ 


03 


CP 


@ 
•. 
E 
'./ 
, 
">' 


@I 


AO 
;'0 


A, 
- 


", 


jI 
1 ~;, 
@ 
A, 


ALU 
-- 
@ 
"7 


A3 
'11 
1, ", 
J 


DO 
00 
'0 


,--- 
0, 
a, 
II, 


LATCH 
0, 
B, 
- 
0, 
1 


03 
°3 
B3 


E 
I 


1) 
Q) 
0 
Q) 
~ 


CD 


0 


VDD 
= Pin 24 


VSS 
=Pin12 
o 
= Pin Numbers 


TABLE 1 
INSTRUCTION 
FIELD 
ASSIGNMENT 


1211 
10 
INTERNAL 
OPERATION 


L 
L 
L 
Rx plus 
D-Bus 
plus 
1 .• Rx 
Accumulate 


L 
L 
H 
Rx plus 
D-Bus" 
Rx 
Accumulate 


L 
H 
L 
Rx• 
D-Bus 
.• Rx 
Logical 
AND 


L 
H 
H 
D-Bus 
.• Rx 
Load 


H 
L 
L 
Rx .• Output 
Register 
Output 


H 
L 
H 
Rx + D-Bus" 
Logical 
OR 


H 
H 
L 
Rx 
(!) 
D-Bus 
.• Rx 
Exclusive 
OR 


H 
H 
H 
D-6us" 
Rx 
Load 
Complement 


H = HIGH 
Level 
L = LOW Level 


NOTES: 


1. 
Ax is the RAM 
location 
addressed by AO-A2- 


2. 
The result of any operation 
is always loaded 
into the Output 
Register. 


• 


FUNCTIONAL· 
DESCRIPTION 
- 
As shown 
in the block diagram, 
the 4705B/4705BX 
Arithmetic 
Logic Register Stack 


(ALRS) consists of a 4-bit ALU, an 8-word by 4-bit RAM with output 
latches, an Instruction 
Decoder, Control 
Logic and a 
4-bit Output 
Register. 


The ALU receives the active LOW input data t60-63) 
as one operand while the RAM provides the seco~d o~erand through 
latches. The ALU output 
is stored 
in both the RAM and Output 
Register. The activ~LOW output 
data (00-03) 
is obtained 
from the Output 
Register through 
3-state buffers. 
An active LOW Output 
Enable (EO) input controls these buffers; a HIGH 
level EO disables the buffers (high impedance state). 


The instruction 
bus for the 4705B/4705BX 
consists of two fields, A and I; AO-A2 specify the desired location of the RAM 
and 10-12 specify the desired function 
to be performed. 
Table 1 lists instruction 
code assignments. Thus, the 4705B/4705BX 
provides eight accumulators 
(RO-R7) 
and eight different 
operations 
may be performed 
on any of these accumulators. 
The 
10-12 
inputs 
are decoded 
by the 
Instruction 
Decoder 
to generate 
necessary 
control 
signals for the ALU. The ALU also 
generates 
and transmits 
to the control 
logic the following signals: Carry Out (C). Carry Propagate 
(Pl, Carry Generate 
(G). 


Negative (N) and Overflow (V) status. The control 
logic manipulates 
the status signals as a function 
of 10-12 and a control 


input 
MSS. A HIGH on the MSS input declares the most significant 
slice in a 4705B/4705BX 
array (the MSS can be tied 
directly 
to VDD)' All devices, except 
the most significant 4705B/4705BX 
should have a LOW level (ground) on the MSS 
input. The control 
logic generates 
three device outputs 
(iN, X and Y) for arrayed operation. 
An all zero result from the ALU 
is decoded and presented at the open collector 
Zero (Zl output. 


The 10 input serves a dual purpose. 
For arithmetic 
instructions, 
it is used as the carry input and for non-arithmetic 
instruc- 


tions it serves as an instruction 
input. This is possible because only two arithmetic 
instructions 
require carry. The dual pur- 


pose use of 10 plays an important 
role in 4705B/4705BX 
expansion 
schemes. 


Operation 
- The 4705B/4705BX 
operates 
on a single clock. A microcycle 
starts as the clock goes HIGH. For normal opera- 


tion the Exec~e 
(~X) is LOW. Data is read from the RAM through enabled latches and applied as one operand to the ALU. 


Data inputs 
(00-03) 
are applied 
to the ALU as the other 
operand 
and the operation 
as determined 
by instruction 
lines 
10-12 is executed. 
When CP is LOW, the latches are disabled and the result of the operation 
is written 
back into the RAM 
provided that 
EX is LOW. The A lines must obviously be held stable during this time. On the LOW-to·HIGH transition 
of the 


CP, the result of the operation 
is loaded into the output 
register and a new microcycle 
can start. 
If EX is held HIGH, the 
operation 
selected by the I and A inputs is performed, 
but the result is not written 
back into the RAM and is not clocked into 
the output 
register. 


EXPANSION 
- The 4705B/4705BX 
is organized to operate 
on a 4-bit wide data bus but can easily be expanded 
for longer 
words. 
Expansion 
requires 
that 
carries from lesser significant 
slices be propagated 
towards 
the most significant 
slice. The 
4705B/4705BX 
provides full lookahead capability 
for high speed arithmetic. 
Appropriate 
Carry Generate (y) and Carry Prop- 
agate (X) outputs 
are provided so that only one external carry lookahead generator 
is needed for every four 4705B/4705BX's. 


When speed is not a prime consideration, 
it is possible to implement 
ripple carry expansion. 


In arrayed 
operation, 
it is common 
to bus the EX, CP and EO inputs of all devices. The Z output 
is open 
drain 
and 
is 
normally 
OR-tied with the other devices and to an external 
load resistor so that a HIGH level indicates a zero result from an 
operation 
in the array. 


Figure 
1 shows a ripple carry 
16-bit wide array using four 4705B/4705BX's. 
The MSS input is tied to VDD on the most 
significant 
slice (ALRS 4); the MSS inputs of the other devices are tied to ground. The instruction 
bus of this array consists 
of A-field and 1-field. A-field is obtained 
by connecting 
corresponding 
A inputs of all four devices. The 10 input of device 1 
(i.e., least significant 
slice) in conjunction 
with the bussed 
11, 12 inputs 
forms the I-field for the array. The 10 inputs of 
devices 2, 3 and 4 are connected 
to the W outputs 
of devices 1, 2 and 3 respectively. The ALU network generates the carry 
propagate 
output. 
The control 
logic operates 
on this signal as a function 
of 11 and 12 to generate the iN output. 
If both '1 
and 
12 are LOW (i.e., an arithmetic 
instruction). 
the iN output 
is the carry output 
of that slice. In case of non-arithmetic 
instructions, 
it assumes the state of the 10 input. Thus, in Figure 
1, if an arithmetic 
instruction 
is specified, carry propagates 
through 
the iN output 
to 10 input of the next higher significant 
slice. On the other hand, non-arithmetic 
instructions 
effec- 
tively connect 
all 10 inputs together 
to form ..!,he I-field for the array. The iN output 
of device 4 is the carry output 
from the 
array. The control 
logic also generates X and Y outputs 
which participate 
in expansion when full carry lookahead 
is required. 


These outputs 
are normally 
ignored 
in ripple expansion 
except for the most significant 
slice. In the most significant 
slice, 
X and Y correspond 
to Negative and Overflow status signals. 


The X output 
of device 4 is LOW, if the result of an operation 
has its most significant bit as "1" (i.e., negative result). Simi- 


larly a LOW on Y output 
of device 4 indicates that arithmetic 
overflow has occurred. 
If the two operands have the same sign 
and the result has opposite sign, then it is assumed that an overflow has occurred. 
It should be noted that iN, X and Yare 
not 
controlled 
by EX or CPoFigure 2 shows a 16-bit array with full carry lookahead expansion. 
Implementation 
of the lookahead 
schemli' requires the use of an external 4582B in addition to the four 4705B/4705BX's 
in the array. Since device 1 is the least 
significant 
and device 4 is the most significant 
slice, the MSS inputs of the first three devices are connected 
to ground while 
device 4 has a HIGH at this input. The A-field for the array instruction 
bus is obtained 
by connecting 
corresponding 
A' inputs 
of all four devices. Bussed 11 and 12 inputs together with the 10 input of device 1 from the I-field for the array. The 10 inputs 
for devices 2, 3 and 4 are obtained 
from the 4582B Carry Outputs 
(Cn+x,Cn+z 
respectively). 
Also the P and G inputs of 


45826 
are connected 
to 
X and Y outputs 
of the 47056/47056X 
as shown. The control 
logic in the 47056/47056X 
(see 
block 
diagram) 
generates X and Y outputs 
as a function 
of 11, 12 and MSS inputs as well as the Carry Generate_and Carry 
Propagate outputs 
of the ALU. 
If the MSS input 
of a slice is LOW and an arithmetic 
instruction 
is specified, its X output 
is 
treated 
as carry·in 
int~a 
slice irrespective of MSS. Thus, whenever 11 and 12 are LOW, the array behav~s as an adder with full 
carry lookahead. 
The W outputs 
still reflect carry output, 
which 
is ignored for devices 1, 2 and 3. The W output 
of device 4 is 
the carry output 
from 
the array. Also note that the 10 input of device 1 is not only an instruction 
input but also provides the 
carry input to the array so the 10 input of device 1 must be connected to the appropriate 
45826 
input as shown. 


When a non-arithmetic 
instruction 
is specified to the array, the control 
logic of the 47056/47056X 
forces a LOW on X and a 
HIGH on Y outputs 
on all except the most significant 
slice. An examination 
of the 45626 
logic reveals that 
whenever 
P is 
LOW and G is HIGH 
the associated carry output 
is the same as the carry 
input. 
Thus, in Figure 
2 devices 2, 3, and 4 will 
assume the logic level as that presented to the 10 input 
of de~ice 1 ~uring 
non-arithmetic 
instructions 
effectively 
bussing 10 
through 
all four 
devices. As in the case of ripple 
expansion 
X and Y outputs 
of device 4 represent Negative and Overflow 
from the array. 
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Fig. 1 
RIPPLE CARRY 
EXPANSION 


EX 
A, 
I, IZoo 
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A2 
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W 
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ALRS 
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0, 
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CP EO0 
02 
Z 


EX 
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h 1200 
0203 
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A2 
0, 
W 
x 
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10 
AD 
A2 
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Fig. 2 
CARRY 
LOOKAHEAO 
EXPANSION 
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LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25"C 
XC 
Output 
Returned 
Output 
OFF 
12 
MAX 


IOZH 
~A 


MIN,25'C 
- 
Current 
HI G H 
0.4 
to VDD, 
EO = VDD 
XM 


12 
MAX 


-1.6 
MIN,25"C 
XC 


Output 
OFF 
- 12 
MAX 
Output 
Returned 


IOZL 
Current 
LOW 
-0.4 
~A 


MIN,25°C 
to VSS EO = VDD 
XM 
- 12 
MAX 


Quiescent 
32.5 
65 
130 
MIN,25'C 
XC 
Power 
250 
500 
1000 
MAX 
All inputs 
at 


IDD 
Supply 
8.75 
~A 
MIN,25"C 
17.5 
35 
OVorVDD 
XM 
Current 
250 
500 
1000 
MAX 


LIMITS 
- 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=1~ 
VOO=15V 
UNITS 
TEST 
CONOITIONS 


M1N' 
TYP 
~X 
. MIN I TYP 
MAX 
MIN I TYP 
MAX 
INote 
61 
.-- 


142 
I 
I 
tpLH 
Propagation 
Delay. 
163 
326 
71 
50 
100 


tPHL 
CP to On 
174 
348 
70 
140 
49 
98 
ns 
EO = EX = VSS 


Propagation 
Delay. 
120 ~ 
-- - 55'11iJ' 
I 
78 
tpLH 
240 
39 


tPHL 
10 toW 
139 
278 
56 
I 
112 
40 
80 
ns 
11 or 12 = VOO 


Propagation 
Delay, 
- - 
t 
tpLH 
251 
502 
101 
202 
71 
142 


tpHL 
On to W 
186 
372 
61 
122 
43 
86 
ns 
11 or 12 = VSS 


Propagation 
Delay. 
- 
tpLH 
382 
I 


764 
150 
300 
105 
210 
MSS = VOO 


tPHL 
On to X. Y 
363 
726 
140 
280 
I 
98 
196 
ns 
11 = 12 = VSS 
--- 
I 
tPLH 
Proppgatlon 
Delay, 
161 
322 
58 
116 
41 
82 
MSS=ll 
=12= 


tPHL 
On to X. Y 
239 
478 
I 
90 
180 
I 
63 
126 
ns 
VSS 
-- 
__ 
..l. 


tpLH 
Propagation 
Delay, 
211 
422 
96 
192 
I 
68 
136 


tpHL 
1,.12 
to X. Y 
266 
532 
109 
218 
77 
154 
ns 
MSS = VSS 


tpLH 
Propagation 
DeJc-y. 
360 
720 
179 
358 
126 
262 
RL = lkn 
to 


tPHL 
On to Z 
251 
502 
95 
190 
67 
134 
ns 
VOO 


tpLH 
Propagation 
Delay, 
198 
396 
, 
83 
166 
59 
118 


tPHL 
10 to W 
226 
452 
87 
174 
61 
122 
ns 
11 = 12 = VSS 
- 
tPLH 
Propagation 
Delay. 
152 
304 
73 
146 
52 
104 


tPHL 
11.12 toW 
252 
504 
104 
208 
73 
146 
ns 
11 = 12 = VSS 


- 


tpLH 
Propagation 
Delay, 
317 
634 
123 
246 
87 
174 
11=12=MSS= 


tPHL 
53 
to X 
401 
802 I 
152 
304 
107 
214 
ns 
VOO 
I 


tpLH 
i Propagation 
Delay. 
397 
794 
161 
322 


I 


113 
226 
11 =12=MSS= 


tPHL 
An to X Y 
538 
1076 
213 
426 
150 
300 
ns 
VSS 


I 


tpLH 
Propagation Delay. 
527 
1054 
205 
410 
144 
288 
11 = 12 = VSS 


tPHL 
An to X. y 
668 
1336 
269 
538 
189 
378 
ns 
MSS = VOO 
- 
t 


tpLH 
Propagation 
Delay, 
519 
1038 
202 
404 
142 
284 
11 = 12 = MSS = 


tpHL 
An to X 
695 
1380 
279 
558 
196 
392 
ns 
VOO 
-- 
- 
tpLH 
Propagation 
Delay. 
556 
1112 
229 
458 
161 
322 


tpHL 
An toW 
415 
830 
161 
322 
113 
226 
ns 
11 =12=VSS 


tpLH 
Propagation 
Delay. 
512 
1024 
236 
472 
166 
332 


tPHL~ 
AntoZ 
618 
1236 
245 
490 
172 
344 
ns 
11 = 12 = VSS 


tPLH 
Propagation 
Delay, 
143 
286 


1 


71 
142 
50 
100 
11 = 12 = VSS 


tPHL 
~ 11. 12 to X. Y 
338 
676 
134 
268 
94 
188 
ns 
MSS = VOO 


tPLH 
Propa~a~on 
Delay. 
171 
342 
85 
170 
60 
120 
11 = 12= VSS 


tPHL 
I 10 to X. Y 
304 
608 
118 
236 
83 
166 
ns 
MSS = VOO 
- 
I 
Propagation 
Delay, 
tpLH 
370 
740 
186 
392 
131 
262 


tPH.L 
11.12 to Z 
<76 
552 
109 
218 
77 
154 
ns 
11 = 12 = VSS 


Propagation 
Delay. 
- 
298 
tpLH 
596 
155 
310 
109 
218 


tpHL 
10 to Z 
177 
354 
70 
140 
49 
98 
ns 
11 = 12 = VSS 


Output 
Enable 
--- 


tpZH 


~ 
71 
142 
36 
72 
26 
52 
lRL 
= 1 kn 
to VSS) 


tpZL 
Time 
I 


58 
1'6 
27 
54 
19 
38 
ns 
lRL 
= 1 kn 
to VOO) 


tPHZ 
Output 
Disable 
71 
142 
40 
80 
28 
56 
lRL 
= 1 kn 
to Vssl 


tpLZ 
Time 
, 
79 
158 
42 
84 
30 
60 
ns 
lRL 
= 1 kn 
to Vool 


tTLH 
Output 
Transition 
95 
190 
54 
108 
38 
76 


tTHL 
TIme 
67 L34 
27 
54 
19 
38 
ns 
CL = 50pF 


- 
- 
'---- - 


• 


AC CHARACTERISTICS 
AND 
SET·UP 
REQUIREMENTS, 
ICont"dl 


VDD 
as shown, 
VSS = 0 V, T A = 25 
C ISee Note 41 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 
6) 


ICW 
Minimum 
Clock Penod 
1018 
509 
526 
263 
370 
185 
ns 
--,- 


CP-Mmimum 
Pulse Widttr' 
(LOW) 
'wCP(L) 
214 
107 
102 
51 
72 
36 
ns 


IwCPIH} 
CP M,nimum 
Pulse W,dlh 
(HIGH) 
484 
242 
222 
111 
156 
78 
ns 


ts 
Set·UP Time, 
EX to CP 
326 
163 
198 
99 
134 
67 


Hold Time, EX to CP 


ns 
th 
20 
0 
15 
0 
10 
0 


Is 
Set-Up 
Time, 
An to CP 
452 
226 
168 
84 
118 
59 
CL=50pF, 


ns 
RL=200kn 
Ih 
Hold Time, An to CP 
20 
0 
15 
-1 
10 
0 
EX = VSS 
Is 
Set-Up 
Time, 
On to CP 
500 
250 
198 
99 
140 
70 


Hold Time, On to CP 
ns 


th 
-35 
-69 
-11 
-21 
-8 
-15 


ts 
Set-Up Time, 
In to CP 
502 
251 
224 
112 
158 
79 
ns 


th 
1 Hold Time, 
In to CP 
-29 
-57 
-12 
-23 
-9 
-17 


'MAX 
Input Count Frequency (Note 1) 
0.98 
1.97 
1.9 
3.8 
2.47 
4.94 
MHz 


NOTES· 
1. 
For 
fMAX 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 ns. 
2. 
It 
is 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15}J.s at 
VOO 
= 
5 V, 
4}.ls 
at 
VOO::: 
10 V and 
3 JJ.s at 


VOO 
15 
V. 


3 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
4. 
Propagation 
Delays 
and 
Output 
transition 
times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


5. 
The 
Infernal 
Clock 
IS generated 
from 
CP and EX. 
The 
Internal 
Clock 
is HIGH 
if EX 
or CP is HIGH, 
LOW 
if EX and 
CP are LOW. 
For 
timing 


conSiderations 
the 
EX, 
CP two 
input 
active 
LOW 
AND 
gate 
is considered 
to exhibit 
no propagation 
delay. 
Actual 
timing 
requirements 
are 


referenced 
to the 
external 
CP and EX 
inputs. 
6. 
Input 
Transition 
Times 
~ 20 ns. 


,90% 
HIGH Z 


••• 
"OFF" 
STATE 
.•. 
~ 


OUTPUT 
ENABLE TIME 
hpZLI 
AND OUTPUT DISABLE TIME ItPLZI 


90%,'--- 


OUTPUT 
ENABLE TIME 
ItpZH) 
AND OUTPUT 
DISABLE TIME (tPHzl 


IT 
\ 


- 
""",AC~ 
CLOCK 
SO" 


!---'ffiV'''"' •...., 
: ~D'W 
,"OM;;IN'"," 


_IPHL'lPLHINot.bl_ 
DELAY 
FROM 
I INPUTS 


-IPHL 
'PlH 
DELAY 
FADM 
AINPUTS 


--.PHL§g'PLH 
DELAYFAOMD'NPUTS 


'PHL"PlH 
DELAY 
FROM 
I INPUTS 


--lPHl"PLH 
DELAY 
FROM 
1\ INPUTS 


PROPAGATION 
DELAYS, 
An 10 Z, In 10 Z, On to Z, 
An to X. Y. In to X. Y. On to X. Y. An to W. In to W. On to W. In to On 
SET·UP AND HOLD TIMES EX TO CP, An TO CP, 


On to CP, In to CP, MINIMUM INTERNAL 
CLOCK PULSE 


NOTES: 


a. 
Delay 
for 
logical 
operation 
(I, 
or 12 '" HIGH) 


b. 
Delay 
for 
arithmetic 
operation 
(11 '" '2'" 
LOW) 


c. 
Set-up 
Times 
Its) 
and Hold 
Times 
(th) 
are shown 
as positive 
values but 
may 
be specified 
as negative 
values. 


• 


47068/4706BX 
PROGRAM STACK 


FAIRCHILD 
CMOS 
MACROLOGIC'" 


DESCRIPTION 
-The 
4706B/4706BX 
is a 16-word 
by 4-bit 
"push-down 
pop-up" 
Pro- 
gram Stack. 
It is designed to implement 
Program Counter 
(PCI and return 
address storage 
for nested subroutines 
in programmable 
digital 
systems. The 4706B/4706BX 
executes 4 


instructions: 
Return, 
Branch, 
Call and Fetch as specified by a 2-bit instruction. 
When the 
device is initialized, 
PC is in the top location 
of the stack. As a new PC value is "pushed" 


into 
the stack 
(Call operationl, 
all previous 
PC values effectively 
move down 
one level. 


The top location 
of the stack is the current 
PC. Up to 15 new program counter 
values can 


be stored, 
which 
gives the 
4706B/4706BX 
a 15 level nesting capabilitY_ 
"Popping" 
the 


stack (Return 
operation) 
brings the most recent PC to the top of the stack_ The remain- 
ing two 
instructions 
affect 
only 
the top 
location 
of the stack. 
In the Branch operation 
a 
new PC value is loaded into 
the top location 
of the stack from 
the DO - 
53 
inputs. 
In 


the Fetch 
operation, 
the contents 
of the top stack location 
(current 
PC value) are put on 


the Xo - 
X3 bus and the current 
PC value is incremented. 


The 
4706B/4706BX 
may 
be expanded 
to 
any word 
length without 
additional 
logic. 3- 
state output 
drivers 
are provided 
on the 4-bit 
address outputs 
(XO - 
X3) and data out- 
puts, 
(00 
- 
(3); 
the X-Bus outputs 
are enabled 
internally 
during 
the Fetch 
instruction 


while 
the a-bus 
outputs 
are controlled 
by an Output 
Enable (EOO). Two status outputs, 
Stack 
Full 
(SF) and Stack 
Empty 
(SEI are provided. 
The 4706B/4706BX 
is fully 
com- 
patible with 
all CMOS families. 


The 4706B 
is specified 
to operate 
over a power 
supply voltage range of 4_5 V to 12_5 V. 
The 4706BX 
is specified 
to operate 
over a power 
supply 
voltage range of 3 V to 15 V. 


• 
16-WORD 
BY 4-BIT 
LIFO 
• 
15-LEVEL 
NESTING 
CAPABILITY 


• 
2 MHz MICROINSTRUCTION 
RATE 
• 
PROGRAM 
COUNTER 
LOADS 
FROM DATA 
BUS 
• 
OPTIONAL 
AUTOMATIC 
INCREMENT 
OF PROGRAM 
COUNTER 
• 
STACK 
LIMIT 
STATUS 
INDICATORS 
• 
SLIM 
24-PIN PACKAGE 
• 
3-STATE 
OUTPUTS 
• 
VERY 
lOW 
POWER DISSIPATION 


PIN NAMES 


DO - D3 


10,11 
EX 


CP 


MR 


CI 


EOO 
00 - 03 


Xo - X3 
CO 
SF 
SE 


Data Inputs 
(Active 
lOWI 
Instruction 
Inputs 


Execute 
Input 
(Active 
lOW) 


Clock 
Input 


Master Reset Input 
(Active 
lOWI 


Carry Input 
(Active 
lOW) 


Output 
Enable Input 
(Active 
lOW) 
Output 
Data Outputs 
(Active 
lOW) 


Address Outputs 


Carry Output 
(Active 
lOWI 


Stack Full Output 
(Active 
lOW) 


Stack Empty 
Output 
(Active 
lOWI 


CO 
13 


SF 


SE 


Voo 
= Pin 24 


VSS = Pin 12 


CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NOTE: 
The 
Flatpak 
version 
has the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


DECODER 


0 
0 
RETURN 
(POP) 


Ao 
0, 
8RANCH 
ILOAD 
PCI 


Al 
O2 
CALL 
{PUSHI 


0, 


VDD 
= Pin 24 


VSS 
= Pin 12 


o 
= Pin Numbers 


TABLE 
1 
INSTRUCTION 
SET FOR THE 
4706B/4706BX 


11 
10 
INSTRUCTION 
INTERNAL 
OPERATION 
X·BUS 
O·BUS (WITH 
EOO LOW) 


Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro· 


L 
L 
Return 
(Pop) 
Decrement Stack Pointer 
Oisabled 
gram counter or the new value while CP is 
LOW. When CP goes HIGH again. the 
output will reflect the new value. 


Load Q·Bus into Current 
Current Program Counter until CP goes 


L 
H 
Branch (Load 
PCI 
Disabled 
HIGH again, then updated with newly 
Program Counter Location 
entered PC value. 


Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro· 
Increment Stack Pointer and 
gram counter or the previous contents of 


H 
L 
Call (Push) 
Load Q·Bus into New Program 
Disabled 
the incremented SP location. When CP goes 
Counter Location 
HIGH again, the outputs will reflect the 
newly entered PC value. 
See Switching Waveforms for details. 


Fetch 
Increment Current Program 
Current Program Counter 
Current Program Counter until CP goes 


H 
H 
(Increment 
PC) 
Counter if CT is LOW 
while 
both 
CP and EX are LOW. 
HIGH again, then updated with 
disabled while 
CP or EX is HIGH 
incremented 
PC value. 


• 


FUNCTIONAL 
DESCRIPTION 
- 
As shown in the block diagram, the 4706B/4706BX 
consists of an Input 
Multiplexer, 
a 
16 X 4 RAM with output 
latches addressed by the Stack Pointer (SP), an incrementor, 
control 
logic, and output 
buffers. The 


4706B/4706BX 
is organized around three 4-bit busses; the input 
data bus (00 
- 
03!. 
output 
data bus (°0 - 
(3) 
and the 
address bus (XO - 
X3)' The 4706B/4706BX 
implements 
four 
instructions 
as determined 
by Input~o 
and 11 (see Table 1). 


The a-Bus is derived from 
the RAM output 
latches and enabled by a LOW on the Output 
Enable (EOO) input. The X-Bus is 


also derived from 
the output 
latches; it is enabled internally 
during the Fetch instruction. 
Execution 
of instructions 
is con- 


trolled 
by the Execute (EX) and Clock (CP) inputs. 


Fetch Operation 
- The Fetch operation 
places the content of the current 
Program Counter 
(PC) on the X·Bus. If the Carry In 
(ei) is LOW, the current 
PC is incremented 
in preparation 
for the next 
Fetch. 
If CT is HIGH, 
the value of the current 
PC is 
unchanged, (Iterative 
Fetch). 


The instruction 
code is set up on the I lines when CP is HIGH. The Execute (EX) is normally 
LOW at this time. The control 


logic interprets 
10 and 11 and selects the incrementor 
output 
as the data source to the RAM via the Input Multiplexer. 
The 


current 
PC value is loaded into the latches and is available on the O·Bus if EOO is LOW. When CP is LOW the latches are 


disabled from 
following 
the RAM output, 
when both CP and EX are LOW, buffers are enabled, applying 
the current PC to 
the X-Bus. The output 
of the incrementor 
is written 
into the RAM during 
the period when CP and EX are LOW. If Ci is 
LOW, the value stored in the current PC, plus one, is written 
into the RAM. If CT is HIGH, the current 
PC is not incremented. 


Carry Out (CO) is LOW when the content 
of the ~urrent 
PC is at its maximum, 
i.e., all ones and the Carry In (eI) is LOW. 


When CP or EX goes HIGH, writing 
into the RAM is inhibited 
and the address buffers (XO - X3) are disabled. 


Branch Operation 
- 
During a Branch operation, 
the data inputs (DO - 
03) 
are loaded into the current program counter. 


The instruction 
code and the EX Input 
are set up when CP is HIGH. 
The Stack Pointer remains unchanged. When CP goes 


LOW (assuming EX is LOW) the D-Bus Inputs are written 
into the current 
PC. The X-Bus drivers are not enabled during a 
Branch operation. 


Call Operation 
- During a Call operation 
the content 
of the data bus is loaded into the top location of the stack and all previ· 


ous PC values are effectively 
moved down one level. 


The instruction 
code and the EX input are set up when CP is HIGH. When EX is LOW, a "one" 
is added to the Stack Pointer 
value thus incrementing 
the RAM address. Since the output 
latches go to the nontransparent 
or store mode when CP is LOW, 
the a-Bus outputs 
will 
reflect the RAM output 
at the CP negative-going transition. 
If EX goes LOW considerably 
before CP 


goes LOW, the a-Bus will 
correspond 
to the previous contents 
of the incremented 
RAM address after CP goes LOW. If CP 
goes LOW 
a very 
short 
time 
after 
EX, 
the 
a-Bus 
will 
remain 
unchanged 
until 
the 
LOW to 
HIGH 
transition 
of 
CPo 


When CP is LOW (assuming EX is LOW) the D-Bus inputs 
are written 
into this new RAM location. 
On the LOW-to·HIGH 
transition 
of CP, the incremented 
Stack Pointer 
value is loaded into 
the Stack Pointer and the a-Bus outputs 
reflect 
the 
newly 
entered data. When the RAM address is "1111" 
the Stack Full 
output 
(SF) is LOW, indicating 
that no further 
Call 
operations 
should be initiated. 
If an additional 
Call operation 
is performed SP is incremented to (0000), the contents of that 


location 
will be written 
over, SF will go HIGH and the Stack Empty 
(SE) will go LOW. 


The X-Bus drivers are not enabled during a Call operation. 


Return Operation 
- 
During the Return operation 
the previous PC is "popped" 
to become the current PC. 


The instruction 
is set up when CP is HIGH. 
When EX is LOW, a "one" 
is subtracted 
from 
the Stack Pointer value, thus 


decrementing 
the RAM address. If EX goes LOW considerably 
before CP goes LOW, the a-Bus will 
correspond 
to the new 
value after EX goes LOW. If CP goes LOW a short time after EX, the O·Bus will remain unchanged until the LOW·to·HIGH 
transition 
of CP. 


On the LOW-to-HIGH 
transition 
of CP the decremented 
Stack Pointer value is loaded into the Stack Pointer and the a-Bus 
outputs correspond to the new "popped" 
value. 


The X-Bus drivers are not enabled during 
a Return operation. 
When the RAM address is "0000", 
the Stack Empty 
output 
(SE) is LOW, indicating 
that no further 
return 
operations should be initiated. 
If an additional 
Return operation 
is performed, 
SP is decremented 
to "1111", 
the SE will go HIGH and the Stack Full output 
(SF) will go LOW. A LOW on the Master Reset 
(M R) causes the SP to be reset and the contents 
of that 
RAM location 
(0000) to be cleared. The Stack Empty 
(SE) output 
goes LOW. This operation 
overrides all other inputs. 


EXPANSION 
-The 
4706B/4706BX 
may be expanded to any word length in multiples 
of four without 
external 
logic. The 
connection 
for expanded operation 
is shown in Figure 
1. Carry In (Ct) and Carry Out (CO) are connected to provide auto- 


matic 
increment 
of the current 
program counter 
during 
Fetch. The Cr input of the least significant 
4106B/4706BX 
is tied 
LOW to ground. 


If automatic 
increment during Fetch is not desired, the CT input of the least significant 
4706B/4706BX 
is held HIGH. 


=r=T--~=rT 
I 


"nOR!!>!> 
~IJ'" 


Fig. 1 
4706B/4706BX 
EXPANSION 
A 16 X 12-PROGRAM 
STACK 


liMITS 


SYMBOL 
PARAMETER 
VOD = 5 V 
VDD 
= 10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 
XC 
Output 
OFF 
12 
MAX 
Output Returned 
IOZH 
Current HIGH 
0.4 
JjA 
MIN,25°C 
to VDD, 
EOO = VDD 
XM 
12 
MAX 


-1.6 
MIN,25°C 
XC 


Output 
OFF 
- 12 
MAX 
Output 
Returned 
'OZL 
Current 
LOW 
-{).4 
JjA 
MIN,25°C 
to VSS EOO = VDD 
XM 
- 12 
MAX 


Quiescent 
32.5 
65 
130 
MIN, 25°C 
XC 
Power 
250 
500 
1000 
MAX 
All inputs 
at 
'DD 
Supply 
8.75 
17.5 
35 
JjA 
MIN,25°C 
XM 
o V or VDD 


Current 
250 
500 
1000 
MAX 


• 


AC CHARACTERISTICS 
AND SET· UP REQUIREMENTS: 
VDD as shown, VSS = 0 V, TA = 25°C 


(ALL 
MODES OF OPERATION) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
ISee Note 21 


tpZH 
144 
288 
62 
124 
47 
94 
(RL = 1 kn 
to Vssl 


Output 
Enable 
Time 
flS 


tPZL 
126 
252 
48 
96 
34 
68 
(RL = 1 kn 
to VDD) 


tPHZ 
162 
324 
67 
134 
45 
90 
IRL 
= 1 kn 
to VSS) 
Output 
Disable 
Time 
ns 


tPLZ 
121 
242 
59 
118 
38 
76 
IRL = 1 kn 
to VaD) 


tTLH 
60 
120 
30 
60 
20 
40 
Output 
Transition 
Time 
ns 


tTHL 
60 
120 
30 
60 
20 
40 


tree 
MR 
Recovery 
Time 
538 
269 
440 
220 
296 
148 
ns 
CL=50pF, 


twMR(L1 
MR 
Minimum 
Pulse Width 
314 
157 
116 
58 
74 
37 
ns 
RL = 200kn 


twCPILl 
CP Minimum 
Pulse Width, 
LOW 
520 
260 
142 
71 
80 
40 


Input Transition 


ns 
Times 
<: 20 ns 


twCPIH) 
CP Minimum 
Pulse Width, 
HIGH 
622 
311 
196 
98 
90 
45 


tco 
Clock 
Period 
1142 
571 
558 
279 
440 
220 
ns 


9o", 


IL- 


AC CHARACTERISTICS 
AND 
SET-UP REQUIREMENTS: 
VDO as shown, VSS ~ 0 V, TA = 25"C 


(BRANCH 
OPERATION) 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(See Note 2) 


IPLH 
Propagation Delay. CP to On 
287 
574 
109 
218 
78 
156 


ns 
'PHL 
238 
476 
84 
168 
61 
122 


Is 
Set-Up 
Time, 
In to EX 
172 
86 
58 
29 
42 
21 
CL =50pF, 


Hold rime, I n to EX 
ns 
'h 
20 
0 
15 
0 
10 
0 
RL = 200 k!1 


's 
Set-Up 
Time, 
On to CP 
182 
91 
106 
53 
64 
32 
Input Transition 


Hold Time, On to CP 


ns 
'h 
20 
,0 
15 
0 
10 
0 
Times'" 
20 
ns 


'h 
Hold Time, In to CP 
20 
0 
15 
0 
10 
0 
ns 


twEX 
Min. EX Pulse Width 
188 
94 
74 
37 
50 
25 
ns 


\ 
'~t'~:51_ 
J- 


0%*' 
NEW VALUE 
------- 


PROPAGATION 
DELAY 
CP TO On AND 
SET-UP AND 
HOLD 


TIMES, 
In TO EX, On TO CP AND 
In TO CP 


• 


SWITCHING 
WAVEFORMS 
FOR A BRANCH 
OPERATION 
EX GOES HIGH 
BEFORE 
CP 


, 
I 
~ 
'h 


~~ 


I.......-...--Is------"- 


10~50 


k-- 


" 
--- 
. 
'h 


11\50 
50'~ 


I 
~twEXILI 


/ 
. 


Ex 
50". 
50) 


I 
:--"-----'h=l 


On [m~o 
50'~ 


j- 
--'S 


CP 
\ 


50'}<, 


°11 


! 
PROPAGATION 
DELAY, 
CP TO On. MI~MUM 
EX PULSE WIDTH 


I 


AND SET-UP AND 
HOLD 
TIMES. 
In TO EX. EX TO CP AND 
In TO CP 


I 
CONDITIONS: 
EOO = LOW 


NOTE: 
Set up 
(ts) 
and 
Hold 
(th) 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


AC CHARACTERISTICS 
AND SET-UP REQUIREMENTS: 
VOD as shown. VSS = 0 V. TA = 25°C 


(CALL 
OPERATION 
ONLY) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(See Note 2) 


tpLH 
Propagation 
Delay. 
CP to On 


513 
1026 
182 
364 
121 
242 
ns 


'PHL 
461 
922 
161 
322 
104 
208 


'PLH 
Propagation 
Delay, EX to On 
480 
960 
134 
268 
99 
198 
ns 
'PHL 
505 
1010 
180 
360 
127 
254 


IpLH 
Propagation Delay. 
202 
404 
110 
220 
77 
154 
-- 
- 
- 


240 
ns 


'PHL 
EX to SE or SF 
480 
127 
254 
89 
178 


I, 
Set-Up Time, 
EX to In 
96 
48 
48 
24 
34 
17 
ns 
CL = 50 pF. 


I_h___ 
Hold Time. CP to In 
20 
0 
15 
0 
10 
0 
ns 
RL=200kn 


Input 
Transition 
- 
Set-Up 
Time, 
EX to CP With 


'slEX 
Da'a On On Wh,le CP = LOW 
848 
424 
324 
162 
186 
93 
ns 
Times" 20 ns 


Is2E)( 
Set-Up 
Time, 
EX to CP With 
No 


20 
Change In On While CP - LOW 
0 
15 
0 
10 
0 
ns 


'hEX 
Hold TIme, CP to EX 
20 
0 
15 
0 
10 
0 
ns 
clSel-Up Tlme,Dn 
10 CP 
426 
213 
194 
97 
128 
64 
ns 


th 
Hold Time, 
On to CP 
20 
0 
15 
0 
10 
0 
ns 


Notes 
on following 
pages. 


On 


(NOTE 
b) 


I 
I 
1-' 
- 


::~:3'\.~_o_", 
_ 


PROPAGATION 
DELAY. CP TO On. EX TO On. 


EX TO SE OR SF. AND SET-UP AND HOLD TIMES. 
EX TO In. CP TO In. On TO CPo CP TO EX. 


NOTES: 
~. Condition 
which 
occurs 
when 
EX goes LOW 
considerably 
before 
CP goes LOW 
(tsl 
EX 
is met). 


b. Condition 
which 
occurs 
when 
EX 
goes LOW 
slightly 
before 
CP goes LOW 
({s2 
EX 
is met). 


c. Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


• 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TVP 
MAX 
MIN 
TYP 
MAX 
ISee Note 2) 


tpLH 
Propagation Delay. CP to On 


510 
1020 
193 
386 
130 
260 


ns 


tpHL 
475 
950 
172 
344 
120 
240 


tPLH 
- 
- 
505 
1010 
150 
300 
142 
282 
Propagation Delay. EX to On 
ns 


tpHL 
580 
1160 
205 
410 
150 
300 


tpLH 
Propagation Delay. 
216 
432 
105 
210 
79 
158 


EX to SE or SF 
ns 


tpHL 
233 
466 
78 
156 
77 
154 


ts 
Set-Up Time. EX to In 
62 
31 
18 
9 
10 
5 
ns 


th 
Hold Time, 
In to CP 
20 
0 
15 
0 
10 
0 
ns 


CL=50pF, 


Set-Up Time, 
EX to CP Which 
RL = 200 kl! 


ts1EX 
- 


270 
Input Transition 
Guarantees a New Value On On 
540 
266 
133 
148 
74 
ns 
Times ~ 20 ns 


While CP IS LOW 


Set-Up Time, 
EX to CP Either 
'- 
ts2EX 
or ts3 EX Must Be Met 
20 
0 
15 
0 
10 
0 
ts2EX 
ns 


For Proper Operation 


Set-Up Time, 
EX to CP Either 
.: 


ts3EX 
ts2EX 
or ts3EX 
Must 
Be Met 
280 
140 
186 
93 
70 
35 
ns 


For Proper Operation 


~_.. 
~ 


----. 
I- 
------ 
cP_:J~__ 


I 


CURRENT 
VALUE 
lNQCHANGEI 


----------f4 
Ipil 
__ INOlE ". 
L 
Ipli 
_(NOTE 
11' 


IpZH 
'PHZ 
- ,;'-.. 


OUTPUT 
Xn DISABLE 
DELAY, 
OUTPUT 
Xn ENABLE 
DELAY, 
AND 
SET-UP AND 
HOLD 
TIMES, 
In TO EX, In TO CP, EX TO CP, AND ClTO 
EX. 


CONDITIONS: 
EGO = LOW, CP GOES HIGH 
BEFORE 
EX 


NOTES: 
a. 
Xo 
- 
X3 
turn 
on delay 
measured 
from 
time 
both 
EX 
and 
CP go LOW. 


b. 
Xo 
- 
X3 
turn 
off 
delay 
measured 
from 
time 
either 
EX 
or CP goes HIGH. 
c. Set-up 
and 
Hold 
Times 
are shown 
as positive 
valves 
but 
may 
be specified 
as negative 
values. 


AC CHARACTERISTICS 
AND 
SET-UP 
REQUIREMENTS: 
VDD 
as shown, 
VSS = 0 V, TA = 25°C 


(FETCH 
OPERATION 
ONLY) 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10V 
VDD = 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(See Note 2) 


tPLH 
Propagation 
Delay. 
CP to On 
274 
54B 
10ll 
216 
77 
154 
ns 


tPHL 
215 
430 
82 
164 
57 
114 


tpZH 
144 
288 
62 
124 
47 
94 
(RL = 1 kn to VSS) 
Output 
Enable Time 
IXn) 
ns 


tpZL 
126 
252 
48 
96 
34 
68 
(RL = 1 kn to VDD) 


tPHZ 
162 
324 
67 
134 
45 
90 
tRL = 1 kn to VSS) 
Output 
Disable Time 
(Xn) 
ns 


tPLZ 
121 
242 
59 
118 
38 
76 
IRL = 1 kn to VDD) 


ts 
Set·Up Time, In to EX 
488 
244 
134 
67 
90 
45 
ns 


th 
Hold Time, In to CP fa EX 
20 
0 
15 
0 
10 
0 
ns 
CL = 50 pF, 


ts 
Set-Up Time, 
EX to CP 
644 
322 
170 
85 
148 
74 
ns 
RL = 200 kn 


ts 
Set-Up Time, 
CI to CP 
570 
285 
132 
66 
90 
45 
ns 
Input Transition 


th 
Hold Time, 
CI to EX 
20 
0 
15 
0 
10 
0 
ns 
Times'" 
20 ns 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed in this section under 40008 
Series CMOS Family Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
It 
is recommended 
that 
input 
rise and fall times to the Clock Input 
be less than 
15 JiS at VOO = 5 V, 4IJs at VOO = 10 V, and 3IJs at 
VOO=15V. 


:~~? 
'-'------ 
_*..:_ 
NEW VALUE 


I 


: 
'PL:U*RRENT 
VALUE 


__________ 
I-_'P_"_L 
_-<_-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Sf. x. SF 
='''" 


------------ 


PROPAGATION 
DELAY, 
CP TO 0!l<-EX 
TO On, EX TO ~ 
OR SF, 


AND 
SET-UP 
AND 
HOLD 
TIMES, 
EX TO In, In TO CP, EX TO CP 


CONDITIONS: 
EOO = LOW 


NOTES: 
8. 
Condition 
which 
occurs 
when 
EX goes LOW 
considerably 
before 
CP goes LOW 
(T s1 EX is met). 


b. Condition 
which 
occurs 
when 
EX goes LOW 
sliAhtlv 
before 
or after 
CP goes 
LOW 
(Either 
ts2EX 
or ts3EX 
are met). 


c. 
Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


• 


'"_/~ 


- 'h-\ 
~1---~\_5O' _ 
\~ 
15~' 


OUTPUT 
Xn ENABLE 
AND 
DISABLE 
TIMES 
AND 
SET-UP AND 
HOLD 
TIMES, 
In TO EX, Ci TO EX AND EX TO CP_ 


CONDITIONS: 
EOO = LOW, EX GOES HIGH 
BEFORE 
CP 


PROPAGATION 
DELAY, 
CP TO On, OUTPUT 
Xn ENABLE 
AND 
DISABLE 
TIMES 


AND SET-UP AND 
HOLD 
TIMES, 
In TO EX, EX TO CP, AND Ci TO CP 


CONDITIONS: 
EOO = LOW, CP GOES HIGH 
BEFORE 
EX 


NOTES: 
a. Xo 
- 
X3 
turn 
on delay 
measured 
from 
time 
both 
EX and 
CP go LOW. 


b. Xo 
- 
X3 
turn off delay 
measured 
from 
time 
either 
EX or CP goes HIGH. 


c. Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


SWITCHING 
WAVEFORMS 
FOR A FETCH 
OPERATION 
WITH 
INCREMENT 
PC 


I-- 


~- 
I 
~'h 
4- 


50 


"--~p 
i 


lpZl 
~ 
~ 
(NOTE 
al 
IPLZ 
__ 
(NOTE 
hi 


I~H 
J 
lPHZ 


- 
HI:IM~AN-C' 
- 
;}"" ,----------""'-j' 
-:'GH-'MP'O-ANC'- 


"OFF" 
STATE 
,__ 
CURRENT 
VALUE 
v.. 
10% 
OFF 
STATE 
_____ 
L 
_ 


PROPAGATION 
DELAY 
CP TO On, OUTPUT 
Xn ENABLE 
AND 
DISABLE 
TIMES, 


AND 
SET-UP AND 
HOLD 
TIMES, 
In TO EX, EX TO CP AND Ci TO CP 


CONDITIONS: 
EGO = LOW, EX GOES HIGH 
BEFORE 
CP 


NOTES: 
a. Xo 
- 
X3 
turn 
on delay 
measured 
from 
the 
time 
both 
EX and 
CP go LOW. 


b. Xo 
- 
X3 
turn 
on delay 
measured 
from 
the 
time 
either 
EX or CP go HIGH. 


c. Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


• 


47078/47078X 
DATA ACCESS REGISTER 


FAIRCH ILD CMOS MACROLOG le 


M 


DESCRIPTION 
- 
The 
4707B/4707BX 
Data 
Access 
Register 
(DAR) 
is designed 
to 


perform 
the memory 
address function 
for RAM resident stack applications. 
The DAR can 
implement 
general registers with 
an adder network 
in programmable 
digital 
systems. The 
4707B/4707BX 
contains 
three 4·bit 
registers intended 
for 
Program Counter 
(RO), Stack 


Pointer 
(R 11, 
and 
Operand 
Address 
I R2). 
The 
4707B/4707BX 
implements 
16 
instructions 
Isee 
Table 1) 
which 
allow 
either 
pre 
or 
post 
decrement/increment 
and 
register-to-register 
transfer 
in a single clock cycle. 
It is expandable 
in 4-bit 
increments 
and 


can operate at a 11.8 MHz microinstruction 
rate on a 16-bit word. 
The 3-state outputs 
are 


provided 
for bus oriented 
applications. 


The 4707B/4707BX 
is fully 
compatible 
with 
all CMOS families. 
The 4707B 
is specified 
to 


operate 
over a power supply voltage range of 4.5 V to 12.5 V. The 4707BX 
is specified to 


operate over a power supply voltage range of 3 V to 15 V. 


• 
HIGH 
SPEED-11.8 
MHz MICROINSTRUCTION 
RATE, 
TYPICALLY 
AT VDD=10 
V 


• 
THREE 
4-BIT 
REGISTERS 


• 
16 INSTRUCTIONS 
FOR REGISTER 
MANIPULATION 


• 
TWO SEPARATE 
OUTPUT 
PORTS, ONE TRANSPARENT 


• 
RELATIVE 
ADDRESSING 
CAPABILITY 


• 
3-STATE 
OUTPUTS 
• 
OPTIONAL 
PRE OR POST ARITHMETIC 


• 
EXPANDABLE 
IN MULTIPLES 
OF FOUR 
BITS 


• 
SLIM 
24-PIN 
PACKAGE 


DO - 
D3 


10 - 
13 
CI 
CO 
CP 


EX 


EOX 


Data Inputs 
IActive 
LOW) 


Instruction 
Word Inputs 


Carry 
Input 
IActive 
LOW) 


Carry Output 
IActive 
LOW) 


Clock 
Input 
(L ~ HEdge-Triggered) 


Execute 
Input 
(Active 
LOW) 


Address Output 
Enable Input 


(Active 
LOW) 


Data Output 
Enable Input 


(Active 
LOW) 


Address Outputs 


Data Outputs 
(Active 
Low) 


Voo 
Pin 24 


VSS 
Pin12 


CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NOTE: 


The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


o 
CP 
05 


I 


'3 
82 
81 
Bo 
AJ 
A2 
At 
AO 
CI 


ADDER 


CO 
53525, 
So 


INSTRUCTION 


DECODER 
ENCODER 


Ir 
III 


50 


5, 


E 


I I I 


OJ 
02 
D1 
DO 
---n 
CP 
RO 
- 
- 


OJ 
02 
01 
00 


I I I II~ 


'0. 
'0. 
'oe 
'00 
Z. 


OJ 
02 
D, 
l)O 
Z. 


~CP 
Zc 


R, 
Zo 
- 


OJ 0., G, 00 


I I I 
I 
',. 
',. 
',C 
'10 


D) 
D] 
0, 
DO 
- 


ncp 
R, 


0) 
02 a, 
00 


I 
I 
',.',. 
'>C 
"0 


II 
I 
I 


03 02 0, 
00 
110 
11C l\B 
ItA 
100 IOC 
lOB 
lOA 


- 


OUTPUT 
5 
MULTIPLEXER 
CP 
REGISTER 


0) 
02 
0, 
00 
Zo 
Zc 
Z. 
z. 


Joo.. 


I ~ 
J L L 
,.... 


_to.. 


7L 
7~ 
7~ 
7 ~7 
.•... 
~ 7L:s;7~ 
7Ui 7 
.•• 


Voo;; 
Pm 24 


VSS 
::: Pin 
12 
o 
:::Pin Number 
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FUNCTIONAL 
DESCRIPTION 
- 
The 4707B/4707BX 
contains 
a 4·bit 
slice of three reg~terURO-R2I, 
a 4·Bit 
Adder, 


3·state address output 
buffers (XO-X3) 
and a separate Output 
Register with 3·state buffers (00-03). 
allowing output 
of the 
register contents 
on the data bus (refer to the block diagram). The OAR performs 16 instructions, 
selected by 10-13 inputs, 


as listed in Table 
1. 


Operation 
- A microcycle 
starts as the clock goes HIGH. 
Data inputs 00 - 03 are applied to the Adder as one of the oper· 


ands. Three of the four 
instruction 
lines 111. 12, 131select which 
of the three registers, if any:is 
to be used as the other 
operand. The LOW-to-HIGH 
transition 
of the CP Input writes the result from 
the Adder into a register IRO - R2) and into 
the Output 
Register provided 
EX is LOW. If the 10 input 
is HIGH, the multiplexer 
routes the result from the Adder to the 
3-state buffer controlling 
the address bus (XO - X3) independent of EX and CPoIf 10is LOW, the multiplexer 
routes the out- 


put of the selected register directly 
into the 3-state buffer controlling 
the address bus (XO - X31. independent of EX and CPo 


TABLE 
1 


INSTRUCTION 
SET FOR THE 4707B/4707BX 


INSTRUCTION 
COMBINATORIAL 
FUNCTION 
SEQUENTIAL 
FUNCTION 
OCCURRING 


13 
12 
I, 
10 
AVAILABLE 
ON THE X-BUS 
ON THE 
NEXT 
RISING 
CP EOGE 


L 
L 
L 
L 
RO 
- 
- 
RO plus 0 plus CI--RO 
and Output 
Register 
L 
L 
L 
H 
ROplus 0 plus CI 


L 
L 
H 
L 
RO 
- 
- 
RaP/us 
o plus CI-R, 
and Output 
Register 
L 
L 
H 
H 
ROplus 0 plus CI 


L 
H 
L 
L 
RO 
- 
- 
RO plus 0 plus CI~R2 
and Output 
Register 
L 
H 
L 
H 
RO plus D plus CI 


L 
H 
H 
L 
R, 
- 
- 
- 
R, 
plus 
0 plus 
CI--...R, and Output 
Register 
L 
H 
H 
H 
R, plus D plus CI 


H 
L 
L 
L 
~2 
- 
- 
o plus CI-R2 
and 
Output 
Register 
H 
L 
L 
H 
Dplus 
CI 


H 
L 
H 
L 
~O 
- 
- 
o plus CI-RO 
and 
Output 
Register 
H 
L 
H 
H 
D plus CI 


H 
H 
L 
L 
R2 
- 
- 
- 
- 
R2 plus 0 plus CI-R2 
and Output Register 
H 
H 
L 
H 
R2 plus D plus CI 


H 
H 
H 
L ~, 
- 
- 
- 
o plus CI--R, 
and Output 
Register 
H 
H 
H 
H 
D plus CI 


L 
LOW Level 


H 
HIGH 
Level 


4707B/4707BX 
EXPANSION 
- 
The 4707B/4707BX 
is organized as a 4-bit register slice. The active LOW Ci and CO lines 


allow ripple-carry 
expansion over longer word lengths. 


APPLICATIONS 
- 
The 4707B/4707BX 
is organized asa 4-bit register slice. The Ci and CO lines allow ripple-carry 
expansion 


over longer word 
lengths. Figure 
1 is a block diagram of a typical application. 
Each block of the Macrologic parts represents 


four 
identical 
slices, thus creating a 16-bit array. For this application 
the register utilizations 
in the OAR may be as follows: 


RO is the Program Counter 
(PC), R1 is the Stack Pointer 
(SP) for 
memory 
resident stack and R2 contains the operand 
address. For an instruction 
fetch, 
PC can be gated on the X-Bus while it is being incremented (i.e., O-Bus ~ 1). If the fetched 
instruction 
calls for an effective address for calculation, 
which is displaced from the PC, the displacement Can be added to the 


PC and loaded into R2 during the next microcycle. 


A different 
type 
of application 
using the OAR 
is shown in Figure 
2. Four 4707B/4707BXs 
are used here as the major 
elements 
in 
the 
data 
path 
loop 
closed 
by 
four 
4707B/4707BXs 
(OPS). 
This 
data 
path 
can 
be used for 
dedicated 


multiply/divide 
function. 
The OAR register utilization 
in this application 
can be as follows: 


RO is the multiplicand 
in case of multiply 
or the divisor in caseof divide; 


R1 is the temporary 
result in case of multiply 
or the dividand/quotient 
in caseof divide; 


R2 is the product 
in caseof multiply 
or a temporary 
register in caseof divide. 


Fig. 1 


TYPICAL 
MEMORY 
ADDRESS 
APPLICATION 


Fig. 2 


TYPICAL 
DATA 
PATH 
APPLICATION 
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LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO 
= 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 
XC 
Output 
Returned 
Output 
OFF 
12 
MAX 
to VOO, EOO = VOO. 
IOlH 
HIGH Current 
0.4 
JiA 
MIN,25'>C 
XM 
EOX 
= VOO 
12 
MAX 


-1.6 
MIN,25°C 
XC 
Output 
Returned 
Output 
OFF 
-12 
MAX 
to VSS, EiSo = VOO, 
lOlL 
LOW Current 
JiA 
MIN,25"C 
-0.4 
XM 
EOX 
= VOO 
-12 
MAX 


Quiescent 
32.5 
65 
130 
MIN,25"C 
XC 
250 
500 
JiA 
Power 
1000 
MAX 
All inputs 
at 
100 
Supply 
MIN,25"C 
o V or VOO 
XM 
8.75 
17.5 
35 
JiA 
Current 
250 
500 
1000 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation 
Delay. 
Internal 
243 
486 
113 
226 
68 
136 


tPHL 
Clock to On 
232 
464 
99 
198 
70 
140 
ns 


tPLH 
Propagation 
Oelay, 11 - 13 to Xn 
288 
576 
134 
268 
125 
250 


tpHL 
With 
10 = LOW 
243 
486 
93 
186 
70 
140 
ns 


tpLH 
Propagation 
Delay. 
11 - 13 to Xn 
383 
766 
139 
278 
126 
25.2 


tPHL 
With 
10 = HIGH 
302 
604 
119 
238 
91 
182 
ns 


tpLH 
Propagation 
Delay. 
Internal 
288 
576 
134 
268 
125 
250 


tpHL 
Clock 
to Xn With 
10 = LOW 
244 
488 
93 
186 
63 
126 
ns 


tPLH 
Propagation 
Delay, 
Internal 
221 
442 
97 
194 
69 
138 


tpHL 
Clock to Xn With 
'0 = HIGH 
358 
716 
146 
292 
110 
220 
ns 


tpLH 
Propagation 
Delay, On to Xn 


221 
442 
97 
194 
69 
138 


tpHL 
211 
422 
79 
158 
55 
110 
ns 
CL=50pF, 


tpLH 
Propagation 
Delay, CT to Xn 


276 
552 
136 
272 
89 
178 
RL=200kfl 


tPHL 
277 
554 
146 
292 
95 
190 
ns 
Input 
Transition 


tPLH 
168 
336 
82 
164 
59 
118 
Times <; 20 ns 


tpHL 
Propagation 
Delay, 
10 to Xn 
137 
274 
63 
126 
47 
94 
ns 


tpLH 
Propagation 
Delay, 
Positive-going 
258 
516 
127 
254 
80 
160 


tPHL 
Internal 
Clock 
to CO 
325 
650 
141 
282 
91 
182 
ns 


tpLH 
Propagation 
Delay. CT to CO 
132 
264 
51 
102 
32 
64 


tpHL 
143 
286 
53 
106 
35 
70 
ns 


tPLH 
Propagation 
Delay. On to CO 
152 
304 
63 
126 
46 
92 


tpHL 
149 
298 
65 
130 
46 
92 
ns 


tpLH 
Propagation 
Oelay, 11 - 13 '" 
C.o 
274 
54B 
142 
284 
85 
170 


tPHL 
305 
610 
158 
316 
85 
170 
ns 


tpZH 
79 
158 
30 
60 
14 
28 
(RL = 1 kfl 
to VSS) 


tpZL 
Output Enable Time 
90 
180 
34 
68 
23 
46 
ns 
IRL = 1 kfl 
to VOO) 


tpHZ 
53 
106 
26 
52 
22 
44 
IRL = 1 kfl 
to VSS) 


tpLZ 
Output 
Disable 
Time 
61 
122 
28 
56 
23 
46 
ns 
IRL = 1 kfl 
to VOO) 


tTLH 
105 
210 
54 
108 
45 
90 


tTHL 
Output 
Transition 
Time 
62 
124 
31 
62 
22 
44 
ns 


twCPIHI 
Internal 
CP minimum 
Putse Width 
282 
141 
240 
120 
176 
88 
ns 


IHIGH) 


twCPIL) 
Internal 
CP Minimum 
Pulse Width 
102 
51 
48 
24 
44 
22 
ns 


ILOWI 


ts 
Set-up 
Time. 
11 - 13 to Internal 
218 
109 
82 
41 
60 
30 
ns 


Clock 


th 
Hold Time. 
11 - 13 to 
Internal 
-48 
-96 
-17 
-34 
-12 
-24 
ns 


Clock 


ts 
Set-up Time. 
On. CI to Internal 
170 
85 
88 
44 
58 
29 
ns 


Clock 


th 
Hold 
Time, 
On, CI to 
Internal 
28 
14 
30 
15 
28 
14 
ns 


Clock 


ts 
Set-up Time. 
CI to Internal 
Clock 
82 
41 
44 
22 
38 
19 
ns 


th 
Hold Time, 
CI to Internal 
Clock 
112 
56 
58 
29 
42 
21 
ns 


tcw 
Internal 
Clock 
Period 
(Note 
3) 
388 
194 
170 
85 
146 
73 
ns 


'MAX 
Input 
Count 
Frequency 
(Note 
4) 
2.6 
5.2 
5.9 
11.8 
6.8 
13.7 
MHz 


NOTES: 
1. 
Additional 
OC Characteristics 
are listed 
in this section 
under 
40008 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Oelays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
unde, 
40008 
Series CMOS 
Family 
Characteristics. 
3. 
The 
Internal 
Clock 
is generated 
from 
CP and 
EX. 
The 
Internal 
Clock 
is HIGH 
if EX or CP is HIGH, 
LOW 
if EX 
and 
CP are 
LOW. 
For 
timing 


considerations 
the EX, CP two 
input 
active 
LOW 
NANO 
gate is considered 
to exhibit 
no propagation 
delay. 
Actual 
timing 
requirements 
are 
referenced 
to the external 
CP and 
EX 
inputs. 


4. 
For fMAX 
input 
rise and fall times 
are greater 
than 
or equal 
to 5 ns or less than 
or equal 
to 20 
ns. 


5. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
/JS at 
VOO 
= 5 V, 
4 p.s at 
VOO 
= 10 V and 
3 J,lsat 
VOO=1SV. 


• 


90% 


I 
, 
HIGH Z 
" 
"OFF" 
STATE 
•...• - - _ .•. 


OUTPUT 
ENABLE TIME 
(tPZH) 
AND OUTPUT 
DISABLE TIME ItPHZI 
~l 
' 
". 
- 
HIGH 
Z 
"OFF" 
STATE 
10% 
I 


90%, 
L- 


OUTPUT 
ENABLE TIME 
ItPZLI AND OUTPUT 
DISABLE TIME ItPlZI 


'0 
*_0_% 
_ 


1--::::3... 
50 
_% 
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PROPAGATION 
DElAY,lO 
TO Xn 
CONDITIONS: 
EO.= lOW 


PROPAGATION 
DELAY, Ci TO Xn AND Ci TO CO 


CONDITIONS: 
EOX = lOW, 
10 = HIGH 


PROPAGATION 
DELAY, On TO Xn AND On TO CO 


CONDITIONS: 
EOX = lOW, 10 = HIGH 


PROPAGATION 
DELAY, 
1,-13 TO CO AND 1,-13 TO Xn 


CONDITIONS: 
EOX = lOW 


PROPAGATION 
OELAYS, 
INTERNAL 
CLOCK 
TO On, 


INTERNAL 
CLOCK 
TO Xn, INTERNAL 
CLOCK 
TO CO, 


SET-UP AND 
HOLD 
TIMES, 1,-13 TO INTERNAL 
CLOCK, 


On TO INTERNAL 
CLOCK, Ct TO INTERNAL 
CLOCK, 


AND MINIMUM 
INTERNAL 
CLOCK 
PULSE WIDTH 


CONDITIONS: 
EOx = Wo 
= LOW 


47088/47088X 


MICROPROGRAM SEQUENCER 


FAIRCHILD 
CMOS 
MACROLOGIC™ 


DESCRIPTION 
- 
The 47088/4708BX 
Microprogram 
Sequen- 
cer controls 
the order in which microinstructions 
are fetched 
from 
the 
control 
memory. 
It 
contains 
a 
10-bit 
program 
counter, 
a 4-level last-in first-out 
stack with 
associated stack 
control 
logic, an Input Multiplexer, 
an Instruction 
Decoder, a 


10-bit Incrementer 
and a 4-bit Test Register. It can control 
up 


to 
a maximum 
of 
1024 words of memory. 
For larger word 
capacities, external 
paging can be used. The 4708B/4708BX 
is 
controlled 
by 
a 4-bit 
instruction 
input. 
The instruction 
set 
includes 
Fetch, 
Conditional 
and 
Unconditional 
Branches, 


Branch to Subroutine 
and Return from Subroutine. 


There are seven test inputs 
- 
four 
participate 
in conditional 
branches 
(T0- T 3), 
and 
three 
in 
multiway 
branches 


(MRO-MW2)' 
The 
conditional 
test 
inputs 
1To- T3) 
are 


flip-flop 
buffered. 
These flip-flops 
can be tested individually 


by appropriate 
branch 
instructions. 
The three multiway-test 
inputs 
(MWO-MW2) 
are used to 
form 
the 
least significant 
three bits of the branch address for a multiway 
branch. Thus, 
branching 
occurs at one of eight unique locations depending 
on the bit pattern present on these three inputs. 


The 
4708B/4708BX 
is designed 
to 
operate 
in pipeline 
or 
non-pipeline 
mode 
as specified 
by 
the 
user. 
The 
device 
operates synchronously 
with 
the Clock input 
(CP) and can be 
initialized 
using the Master Reset input (M R). 


The 
4708B/4708BX 
is fabricated 
using Isoplanar 
C CMOS 


technology 
and is fully compatible with all CMOS families. 


The 4708B 
is specified to operate over a power supply voltage 
range of 4.5 V to 12.5 V. The 4708BX 
is specified to operate 
over a power supply voltage range of 3 V to 15 V. 


• 
CONTROLS 
1024 
WORDS 
OF MICROPROGRAM 
MEMORY 
(10-BIT 
ADDRESS) 


• 
UNRESTRICTED 
BRANCHING 
WITHIN 
10-BIT 
ADDRESS 
SPACE 


• 
16 INSTRUCTIONS 


• 
FOUR 
FLIP-FLOP 
BUFFERED 
TEST 
INPUTS 
FOR 
CONDITIONAL 
BRANCHES 


• 
B-WAY 
BRANCH 
CAPABILITY 
• 
PIPELINE/NON-PIPELINE 
MODE 
OF OPERATION 


PIN NAMES 


BAO - BAg 


TO - T3 


MWO- 
MW2 


10 - 
13 


PLS 


MR 


CP 


STRB 


Ae - Ag 


ViAe, VIAl 


INH 


Branch Address 
Inputs 


Test Inputs 


Multiway 
Branch 
Inp.uts 


Instruction 
Inputs 


Pipeline Select Input 


Master 
Reset Input 


(Active LOW) 
Clock Pulse Input 


Strobe Input 


Address 
Outputs 


VIA Outputs 


Inhibit 
Output 


~OTf(B 
TO 
T, 
T2 
T) 
MWOMW~W2 
BAOBA1BA1SA3BA4SAS8A6BA7BASBAg 


" 


" 


Voo 
= Pin 10 


VSS 
= Pin 30 


CONNECTION 
DIAGRAM 
DIP (TOP VIEWj 


13 
40 


T, 
3. 


T, 
38 


TO 
37 


'0 
J6 


" 


35 


" 


34 


'3 
JJ 


MR 
32 


10 
voo 
31 


11 


12 


13 


A3 


15 
A4 
I. 
A5 


n 
A. 


18 
A, 
,. 
A8 


'0 
A. 


§ MWO 
@MW1 
@MW2 
(iJ) 
BAO 


@ 
SA1 


@ 
SA2 
e 
SA) 


@ 
SA4 


@ 
BAS 


@ 
BA6 
@ 
SA7 


@ 
BAS 


@ 
BAg 


®MA 
@ 
CP 


010 
0" 
0'2 
0'3 
r---------, 
I 
I 
o 
00 


I 
I 
I 
I 
I 


I 


I 


I 
03 
I 


I 
I 
I 
I 


I 4 BIT 
I TEST 
__ 
...J REGISTER 


I 
I 
IL 
_ 


VDD 
= Pin 10 


VSS = Pin 30 
0= 
Pin 
Num~<!r 


VIAO ® 


VIA, 
@ 


INH 
@ 


TABLE 
1 


4708B!4708BX 
INSTRUCTION 
SET 


MNEMONIC 
DEFINITION 
13121,la 
T3T2T1Ta 
OgOa07 
--02010a 
VIA1VIAa 
INH 
DESCRIPTION 
OF 


OPERATION 


BRVa 
Branch 
V1Aa 
LHLL 
X X X X 
BAg 
BAa 
-BA, 
BAa 
L 
L 
H 
BAa 
- BAg ...•PC 


UnconditIOnal 
BRVl 
Branch 
VIA, 
L H L H 
XXXX 
BAg 
BAa- 
BA, 
BAa 
L 
H 
H 
BAa 
- BAg ...• PC 


BRV2 
Branch 
VIA2 
L H H L 
XXXX 
BAg 
BAa 
-BA, 
BAa 
H 
L 
H 
BAa 
BAg 
...•PC 


Branch 
BRV3 
Branch 
V1A3 
LHHH 
XXXX 
BAg 
BAB 
-BAl 
BAa 
H 
H 
H 
BAa 
- BAg 
...•PC 


Instructions 
Branch 
MWa 
- MW2_ 
BMW 
Multlwav 
L L H H 
XXXX 
BAg 
BA3--MW2 
MWa 
L 
L 
H 
BA3 
BAg ...•PC 


BSR 
Branch 
to 
LLLH 
XXXX 
BAg 
BAa 
-BA, 
BAa 
L l 
H 
BAa 
- BAg-> 
PC & 


Subroutme 
Push 
the 
Stack 


BTHa 
Branch 
on TO 
HHLL 
XXXH 
BAg 
BAB 
-BA1 
BAa 
L 
L 
H 
If Test 
Register 
a IS HIGH 


BAa 
- BAg"" 
PC 


HIGH 
XX 
XL 
PC - 1 
If Test 
Register 
a IS LOW 


PC 
1 ...• PC 


BTH, 
Branch 
on T1 
HHLH 
XXHX 
BAg 
BAa--BA, 
BAa 
L 
L 
H 
If Test 
Register' 
IS HIGH 
BAa 
- BAg 
...•PC 


HIGH 
XX 
LX 
PC -, 
If Test 
Register 
1 IS LOW 


PC 
l~PC 


BTH2 
Branch 
on T2 
HHHL 
XHXX 
BAg 
BAa--BA, 
BAa 
L 
L 
H 
If Test 
ReglstPr 
2 IS HIGH 
BAa 
- BAg 
...•PC 


HIGH 
XLXX 
PC -, 
If Test 
Register 
2 IS LOW 


PC·, 
...• PC 


BTH3 
Branch 
on T3 
HHHH 
HXXX 
BAg 
BAa--BA, 
BAa 
L 
L 
H 
If Test 
Register 
3 IS HIGH 


CondItional 
BAa 
- BAg ...•PC 


HIGH 
LXXX 
PC -1 
If Test 
Register 
3 IS LOW 


Branch 
PC 
1 ...• PC 


BTLa 
Branch 
on Ta 
HLLL 
XXXL 
BAg 
BAa--BAl 
BAa 
L 
L 
H 
If Test 
Register 
a IS LOW 


Instructions 
BAa 
- BAg 
...•PC 


LOW 
XXXH 
PC-, 
If Test 
Register 
a IS HIGH 
PC 
1 ...• PC 


BTL1 
Branch 
on T1 
HLLH 
XXLX 
BAg 
BAa--BA1 
BAa 
L 
L 
H 
If Test 
RegIster 
1 IS LOW 


BAa 
- BAg 
...•PC 


LOW 
XXHX 
1'C- 
1 
If Test 
RegIster 
1 IS HIGH 
PC -, 
...•PC 


BTL2 
Branch on T2 
H L H L 
XLXX 
BAg 
BAa--BAl 
BAa 
L 
L 
H 
If Test 
Register 
2 IS LOW 


BAa 
- BAg ...•PC 


LOW 
XHXX 
PC' 
, 
If Test 
Register 
2 IS HIGH 
PC- , -+ PC 


BTL3 
Branch 
on T3 
HLHH 
LXXX 
BAg 
BAa--BA, 
BAa 
L 
L 
H 
If Test 
Register 
3 IS LOW 


BAa 
- BAg ...•PC 


LOW 
HXXX 
PC' 
, 
If Test 
Register 
3 IS HIGH 
PC-1 
...•PC 


Miscellaneous 
RTS 
Return 
from 
L L L L 
XXXX 
Contents 
of the 
L 
L 
L 
Pop the Stack 
Subroutine 
Stack 
Addressed 


Instructions 
by Read 
POinter 


FTCH 
FETCH 
LLHL 
XXXX 
PC'l 
L 
L 
L 
PC·, 
...•PC 


L 
lOW 
Level 


H 
HIGH 
Level 


X 
Don'l Care 


FUNCTIONAL 
DESCRIPTION 
- 
The 470BB/470BBX 
Microprogram 
Sequencer, shown in the block diagram consists of a 


10·bit 
Program Counter 
(PC), a 4·word 
by 10·bit 
Last·1n First·Out 
(L1Fa) 
Stack with 
associated Stack Control, 
an Input 


Multiplexer, 
a Pipeline Multiplexer, 
an Instruction 
Decoder, a 10·bit Incrementer, and a 4-bit Test Register comprised of four 


edge·triggered D flip·flops. 


The Pipeline 
Multiplexer 
has two ports - 
the PC output 
provides the input 
port for the non·pipeline 
mode and the Input 
Multiplexer 
output 
provides the input 
port for the pipeline 
mode. Port selection is controlled 
by the Pipeline Select (PLS) 
and Master Reset (MRI 
inputs. 
A LOW level on the MR input 
forces the non·pipeline 
mode of operation and clears the PC. 


Thus when the 470BB/470BBX 
is initialized 
by the MR input, the AO through Ag outputs are LOW regardless of the state of 


the PLS input. A LOW level on the PLS input specifies non·pipeline 
mode and a HIGH specifies pipeline mode. 


The Program Counter is a lO·bit edge-triggered register. The LOW·to·HIGH 
transition 
on the Clock (CP) input loads the Input 
Multiplexer 
output 
into 
the 
PC. The 
PC input 
is always 
the 
address of 
the 
next 
microinstruction. 
Because of 
the 


edge-triggered nature of the PC register, the PC output 
remains static for a full clock cycle. Thus, in the non-pipeline 
mode, 
the PC output 
can be used to address a control 
memory 
built 
with 
static devices without 
storing the memory 
output 
in an 


external 
microinstruction 
register. However, in the pipeline mode, the 470BB/470BBX 
provides the next address information 


as soon 
as available; 
therefore, 
execution 
of 
a microinstruction 
can 
be overlapped· with 
the 
fetching 
of 
the 
next 


microinstruction. 
To ensure microinstruction 
stability 
for a full clock cycle, the control-memory 
output 
should be buffered 


with an external 
microinstruction 
register. 


The Input 
Multiplexer 
receives data from 
four different 
sources. One port 
is the output 
of the LIFO Stack; a second is the 
output 
of the 10·bit 
Incrementer. 
The Incrementer 
always adds one to the PC contents. 
The third 
and fourth 
ports are the 


branch and multiway·branch 
ports, the former comprised of the Branch Address inputs (BAO-BAg) 
and the latter comprised 


of the seven most significant 
Branch Address inputs (BA3 through BAg) and the three Multiway 
inputs (MWO through MW2)' 


The 4-word by 10·bit LI Fa Stack is a RAM and receives data from the Incrementer 
output. 
The Stack Control 
logic generates 
the appropriate 
control 
signals, while stack pointers in the Stack Control 
generate the read and write addresses. 


The 4-bit Test Register conSists of four type·D flip·flops. 
The data inputs, which are the four Test inputs (TO through T 3), are 
loaded on the LOW·to·HIGH 
transition 
of the Strobe input (STRB). 


The Instruction 
Decoder receives the 4·bit 
Instruction 
input 
(10 through 
13) and the Test Register output 
and generates the 


V lAO, VIAl 
and Inhibit 
(I NH) outputs of the 470BB/470BBX. 
In addition, 
it generates appropriate 
logic signals for the Stack 
Control 
and Input Multiplexer. 


Stack Control 
- 
The 470BB/470BBX 
has a 4-level subroutine 
nesting capability 
as detailed in Figure 1. The RO and Rl 
(Read 


Addressl inputs to the 4·word by lO·bit 
LI Fa Stack specify the address from which information 
will be read. The Wo and W1 


(Write 
Address) 
inputs 
specify 
the address into 
which 
information 
will 
be written; 
and the 4708B/470BBX 
Incrementer 


output 
provides 
the information 
to be written 
into the stack (see block diagram). 
In addition, 
writing 
into the memory 
is 


controlled 
by the Write Enable (WE) and CP inputs. 


The RO' R1 and WO' Wl 
i~puts of the LIFO Stack are derived from 
the outputs 
of a 3-bit edge·triggered register called the 
Stack Pointer 
(SP). The least significant 
two bits (SPO and SP1) of this register are the read address inputs to the memory. 
The SP outputs 
are also connected 
to 
a Stack·Pointer 
Incrementer 
and a Decrementer 
that 
generate SP + 1 and SP-l 


respectively. The least significant 
two bits of the Incrementer are the write address bits for the memory. 


The outputs 
of the Incrementer, 
Decrementer and the Stack Pointer are fed as inputs to a 3-port Stack-Pointer 
Multiplexer 


which, 
in turn, feeds the Stack Pointer inputs. Stack pointer 
loading always occurs on the LOW-to-HIGH 
transition 
of the CP 


input. 
The 
M R input 
clears the Stack 
Pointer. 
The Stack Pointer 
Control 
receives two 
inputs from 
the 4708B/4708BX 
Instruction 
Decoder - the BSR input, which is active whenever a Branch-to-Subroutine 
(BSR) instruction 
is present on the 10 


through 
13 inputs, and the RTS input, which is active whenever a Return-trom-Subroutine 
(RTS) instruction 
is specified. The 
port 
selection 
of 
the 
Stack 
Pointer 
Multiplexer 
is controlled 
by 
the outputs 
of 
the 
Stack 
Pointer 
Control. 
For 
all 
470BB/4708BX 
instructions 
except 
BSR and RTS, the Stack Pointer Multiplexer 
selects the Stack Pointer outputs 
as the 


instruction 
source. 


Writing 
into the memory 
takes place whenever the WE and CP inputs are LOW. Note that the most significant 
register bit, 
SP2 controls 
the WE input 
to prevent writing 
into the memory when all four locations are filled with return addresses. Thus 
the 470BB/470BBX 
does not store and return addresses beyond four nesting levels. 


• 
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CONTROL 


4708B/4708BX 
INSTRUCTIONS 


The 4708B/4708BX 
instruction 
set has '6 
instructions 
(Table 1). These 
instructions 
can be divided 
into three groups - 
unconditional 
branches, 
conditional 
branches 
and 
miscellaneous 
- 
and are specified 
by appropriate 
logic levels on the 
10-13 inputs. 


The unconditional 
branch 
group consists 
of four 
Branch VIA instructions 
(BRVO-BRV3), 
Branch Multiway 
(BMW) and 
Branch to Subroutine 
(BSR). This group requires that the next address be explicitly 
specified on the BA inputs. 


The conditional 
branch 
group 
consists 
of eight 
instructions, 
Branch 
Test HIGH (BTHO-BTH3) 
and Branch Test 
LOW 
(BTLO-BTL3), 
for interrogating 
the four test flip-flops of the 4708B/47088X 
individually. 
The BTHO-BTH3 
instructions 
test flip-flops TO- T3 respectively for a HIGH on the Q output 
(see block diagram). Similarly BTLO-8TL3 
test for a LOW on 
the corresponding 
Q output. 
If the test condition 
is satisfied, the next address is taken from the 8ranch Address (BAO-BAg) 
inputs. If the test condition 
is not satisfied the 47088/4708BX 
performs a Fetch operation. 


The miscellaneous 
group consists of two instructions 
- Fetch (FTCH) and Return from Subroutine 
(RTS). These instructions 
do not require 
explicit specification 
of the next address. 
For the FTCH instruction, 
the next address is assumed to be the 
address of the current 
microinstruction 
+ ,. For RTS, the next address is taken from the Stack. 
The Inhibit 
(lNH) 
output 
of 
the 4708B/4708BX 
is LOWonly 
for FTCH and RTS instructions. 
For all other instruction, 
the INH output 
is HIGH. 


The VIA outputs 
of the 4708B/4708BX 
(VIAO' VIA,) 
are LOW for all instructions 
except 
BRV,-BRV3. 
For BRV" 
the 
VIAO is HIGH and VIA, 
LOW. For BRV2' the VIAO is LOW and VIA, 
HIGH. For BRV3' both VIAO and VIA, are HIGH. 


Unconditional Branches 


BRVo-BRV3 
- 
Whenever a Branch VIA instruction 
code is present on the 10-13 inputs, the Instruction 
Decoder (see block 
diagram) 
establishes 
the 
appropriate 
HIGH/LOW 
pattern 
on the 
VIAO and VIA, 
outputs 
per 
Table 1. The Instruction 
Decoder also forces the INH output 
HIGH. Moreover, the BAO-BAg 
inputs are selected as the source of the next address by 
the Input Multiplexer. 


If the 4708B/4708BX 
is in the pipeline mode (PLS input HIGH), the Pipeline Multiplexer transfers the BAO-BAg 
inputs to 
the 
AO-Ag 
outputs. 
The 
BAO-BAg 
inputs 
are loaded 
into 
the 
PC on the 
LOW·to-H IGH transition 
of the CP input. 


Conversely, 
if the non-pipeline 
mode of operation 
is selected, 
the BAO-BAg 
inputs 
appear on the output 
only after the 
LOW-to-HIGH transition 
of the CP input. 


BMW 
- 
For a Branch 
Multiway 
instruction, 
the 
Instruction 
Decoder 
forces the VIAO and VIA, 
outputs 
LOW and INH 
output 
HIGH. The Input Multiplexer selects the BA3-BAg 
inputs as the most significant seven bits and MWO-MW2 inputs as 
the least significant 
three bits of the next address. 
If the pipeline mode of operation 
is selected, the next address formed by 
the 
Input 
Multiplexer 
(BA3-BAg 
and MWO-MW2 inputs) 
is transferred 
to the AO-Ag 
outputs. 
On the 
LOW-to-HIGH 
transition 
of the CP input, this next address is also leaded into the PC. For non-pipeline 
mode, the next address is available on 
the AO-Ag 
outputs 
only after the CP transition. 


BSR - DUring a Branch-to-Subroutine 
instruction. 
the Instruction 
Decoder forces a LOW on the VIA aand VIA 1 outputs and 
a HIGH on the INH output. The Input Multiplexer 
selects the BAa 
BAg inputs as the source for the next address. If the 
pipeline mode is selected. this next address is transferred 
to the Aa 
Ag outputs by the Pipeline Multiplexer. 
As usual. the 


PC is updated with 
this next address on the LOW-to-HIGH 
transition 
of the CP Input. During non-pipeline 
operation. 
the 


next address appears on the output 
only alter the CP transition. 


The PC holds the address of the current 
microinstruction. 
For the BSR instruction. 
the return address must be stored in the 


Stack. which 
is fed by the PC through 
an Incrementer 
(see block diagram). When the CP input is LOW. the incremented 
value is written 
into the Stack as a return address. The LOW-to-HIGH 
transition 
of the CP Input not only loads the PC with 


the next address. i.e.. BAa - BAg inputs. but also increments 
the Stack Pointer as explained above. 


Conditional 
Branches 
BTHO - BTH3 
- For a Branch Test HIGH instruction. 
the Instruction 
Decoder establishes 
a LOW on VIAO and VIA, outputs 


and HIGH on the INH output. It then tests for a HIGH on the Q output of the corresponding 
flip-flop 
in the test register. If a 


HIGH level is found. the Input Multiplexer 
selects the BAa 
BAg Inputs as the source for the next address. 


On the other hand. if the tested Q output of the flip-flop 
is LOW. the Incrementer 
output 
IS selected as the source of the 


next address by the Input Multiplexer. 
In either case. the PC is loaded with the next address on the LOW-to-HIGH 
transi- 


tion of the CP input. As usual. if the pipeline mode is selected. the next address is transferred 
to the Aa - Ag outputs. 
For 
non-pipeline 
mode. the next address appears on the output after the clock transition. 


BT~ 
- BTL3 
- Operation of the Branch Test LOW instructions 
is identical to BTHO 
BTH3 except that Q outputs of the test 
register 
flip-flops 
are tested for a LOW. If the tested output 
is LOW. a branch occurs. If tested output 
is HIGH the Incre- 


menter output 
is the next address. 


Miscellaneous 
FTCH - 
For a Fetch instrucllon. 
the Instruction 
Decoder establishes 
a LOW on the VIAO and VIA, 
outputs. 
In addition. the 


INH output is also LOW. The Input Multiplexer 
selects the Incrementer 
output as the next address. If pipeline mode is selec- 


ted. the Incrementer 
output is transferred 
to the Aa - Ag outputs. For non-pipeline 
mode. the incremented 
address appears 


at the output only after the clock transition. 


RTS - 
For a Return-from-Subroutine 
iflstruction. 
the Instruction 
Decoder establishes a LOW on the VIAa. VIA 1 and the INH 


outputs. The Input Multiplexer 
selects the Stack output as the source of the next address. As usual. for the pipeline mode. 


the next address is transferred 
to the output by the Pipeline Multiplexer. 
For non-pipeline 
operation. 
the next address ap- 


pears on the output only after the clock transition. 
In addition. 
this instruction 
also decrements 
the Stack POlnl1!r as de- 


scribed above. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO-10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TVP 
MAX 


Quiescent 
XC 
32.5 
65 
130 
~A 
MIN. 25°C 
All Inputs 


Power 
250 
500 
1000 
MAX 
at 0 V or 


100 
Supply 
8.75 
17.5 
35 
MIN. 25uC 
VOO 
XM 
~A 
Current 
250 
500 
1000 
MAX 
• 


AC CHARACTERISTICS 
ANO SET·UP REQUIREMENTS: 
VOO as shown, VSS = 0 V. TA = 25"C, CL = 50 pF, RL = 200 kl!. 


Input Transition' 
20 ns. (Note 21 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO - 10 V 
VOO-15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'PLH 
Propagation 
De:ay, 
290 
145 
116 
11=12=VOO.13=VSS 
ns 
'pHL 
In to VIAn 
385 
195 
156 
Input=IO,Output=VIAO 


'PLH 
Propagat 
Ion Delay. 
290 
145 
116 
1,=VOO.12=13=VSS 
ns 
'PHL 
In to INH 
385 
195 
156 
Input=lo.Output=INH 


tPLH 
Propagat Ion Delay. 
430 
215 
172 
11=VOO. PLS=IO= 


ns 
:£,HL 
CP to An (Non-Plpeline~ 
480 
240 
192 
12=13=VSS 


'PLH 
PropaqatlOn Delay, 
860 
430 
344 
PLS=11=VOO. 
ns 
'pHL 
CP to An (Pipeline) 
945 
475 
380 
10=12=13=V SS 


tpLH 
Propagation 
Delay, 
290 
145 
116 
PLS=IO=11 =12= 
ns 
tPHL 
BAn to An (Pipeline) 
385 
195 
156 
VOO.13=VSS 


PropagatIon 
Delay, 
770 
385 
308 
10=11-BAO=PLS-VOO. 


tPLH 
ns 
13=MWO=VSS 


'PHL 
In to An (Pipeline) 
870 
435 
348 
Output=Ao.lnput=12 


tTLH 
60 
40 
32 
Output 
Transition 
Time 
ns 
tTHL 
60 
40 
32 


tree 
MR 
Recovery Time 
120 
120 
96 
ns 


twMRIL) 
MR Minimum 
Pulse Width 
280 
140 
112 
ns 


IwCPIHI 
CP Minimum 
Pulse Width 
(HIGH) 
280 
140 
112 
ns 
11=VOO.IO=12= 


'wCPIL) 
CP Minimum 
Pulse Width 
(,- __vV) 
240 
120 
96 
ns 
'3=PLS=VSS 


's 
Set-Up Time, 
BAn to CP 
240 
120 
96 
12=VOO.IO-11-13- 


ns 
PLS=Vss.lnput=BAO. 
Ih 
Hold Time, 
BAn to CP 
-10 
-5 
-3 
Output=AO 


's 
I Set· Up Time, 
In 10 CP 
720 
360 
288 
10=11=BAO=VOO.IO= 


ns 
MWO. PLS=VSS. 
th 
Hold TIme, 
I n to CP 
-10 
-5 
-3 
Input=12.0utput=AO 


's 
Set-Up 
Time, 
Tn to STRB 
120 
60 
48 
12=13-PLS-VOO. 


ns 
10=11=BAO=VSS. 


'h 
Hold Time. Tn to STRB 
-10 
-5 
-3 
---+-:- 
Input=T O. Output=AO 


Set·Up Time, STRB 
10 CP 
13=TO=VOO.IO=11= 


I 


12=PLS=BAO=VSS. 
I IRequired 
10 achieve a 
480 
240 
192 
's 
ns 
conditional 
branch in 
Input=STR 
B, 


the same 
microcycte) 
Output=AO 


'MAX 
I Input Count 
Frequency 
(Note 3) 
MHz 


NOTES: 
1 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
PropagatIon 
Oelays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX, 
Input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
IS recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15}Js 
at 
VOO 
= 5 V, 
4}Js 
at 
VOD 
= 10 V, 
and 
3}Js 
at 


VOD~'5V. 


L__ 


4710B/4710BX 
REGISTER 
STACK· 
16x4 
RAM 
WITH 3-STATE OUTPUT REGISTER 
FAIRCHILD 
CMOS MACROLOGIC 
™ 


DESCRIPTION 
- 
The 4710B/4710BX 
is a register oriented 
high speed 64-bit 
ReadlWrite 
Memory 
organized 
as 16-words 
by 4-bits_ An edge triggered 4-bit 
output 
register allows 
new input 
data to be written 
while previous data is held. 3-state outputs 
are provided for 
maximum 
versatility. 
The 4710B/4710BX 
is fully 
compatible 
with 
all CMOS families. 


The 471 OB is specified 
to operate over a power supply voltage range of 4.5 V to 12.5 V. 


The 4710BX 
is specified 
to operate over a power supply 
voltage range of 3 V to 15 V. 


• 
EDGE-TRIGGERED 
OUTPUT 
REGISTER 
• 
3-STATE 
OUTPUTS 
• 
OPTIMIZED 
FOR REGISTER 
STACK 
OPERATION 
• 
la·PIN 
PACKAGE 


PIN NAMES 


AO-A3 
00-03 
CS 


EO 


WE 


CP 


Voo 
= Pin 18 
Vss 
= Pin 9 
o 
= Pin Numbers 


Address Inputs 


Data Inputs 


Chip Select Input 
(Active 
LOW) 


Output 
Enable Input (Active 
LOW) 
Write Enable Input 
(Active 
LOW) 


Clock Input 
(Outputs 
Change on LOW 
to HIGH Transition) 


Outputs 


Voo 
= Pin 18 


Vss=Pin9 


CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NOTE: 
The Flatpak version has the same 
pinouts 
(Connection 
Diagram) as the 
Dual In·line 
Package. 


• 


FUNCTIONAL 
DESCRIPTION 
- 
The 471 OB/4710BX 
consists of a 16 X 4-bit 
RAM selected by four address inputs (AO - A3) 
and an edge-triggered 4-bit Output 
Register with 3-state Output 
Buffers. 


Write 
Operation 
- 
When the three control 
inputs: 
Write 
Enable (WE), Chip Select (CS), and Clock 
(CPl. are LOW 
the 
information 
on the data inputs 
(DO - 
D3) 
is written 
into the memory 
location 
selected by the address inputs 
(AO - A3)· 
If the 
input 
data changes while 
WE, CS, and CP are LOW, the contents 
of the selected memory 
location 
follows 
these 
changes provided 
set-up t~me.~riteria 
are met. 


Read Operation 
- Whenever CS is LOW and CP goes from 
LOW-to-HIGH, 
the contents 
of the memory 
location 
selected by 
the address inputs (AO - A3) is edge triggered into the Output 
Register. 


A 3·State Output 
Enable (EO) controls 
the output 
buffers. 
When EO is HIGH 
the four 
outputs 
(00 - 03) 
are in a high 
impedance or OFF state; when EO is LOW. the outputs 
are determined 
by the state of the Output 
Register. 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


XC 


1.6 
MIN,25°C 


Output 
OFF 
12 
MAX 
Output 
Returned 
IOZH 
Current 
HIGH 
I'A 
MIN,25°C 
- 
0.4 
to VDD, 
EO = VDD 


XM 
12 
MAX 


XC 
-1.6 
MIN,25°C 


IOZL 
Output 
OFF 
-12 
MAX 
Output 
Returned 


Current 
LOW 
-0.4 
I'A 
MIN,25°C 
to VSS EO = VDD 
XM 
-12 
MAX 


Quiescent 
20 
40 
80 
MIN. 25°C 


XC 
Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
10 
20 
I'A 
MIN,25°C 
OVorVoo 


XM 
5 


Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD 
= 10V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
IMAX 
MIN 
TYP I MAX 


READ 
MODE 


tPLH 
146 
292 
56 
112 
40 
80 
Propagation 
Delay. 
CP to Output 
ns 
tPHL 
125 
250 
49 
98 
34 
68 


tPZH 
Enable Time, EO to Output 


57 
114 
20 
40 
16 
32 
(RL = 1 kn to VSS) 
ns 
tpZL 
81 
162 
31 
62 
23 
46 
(RL 
= 1 kn to VDD) 


tpHZ 
Disable Time, 
EO to Output 
57 
114 
29 
58 
23 
46 
(RL 
= 1 kn to VSS) 
ns 
tPLZ 
72 
144 
31 
62 
25 
50 
(RL = 1 kn to VDDI 


tTLH 
75 
150 
45 
90 
35 
70 
Output 
Transition 
Time 
ns 
tTHL 
80 
160 
45 
90 
35 
70 


WRITE 
MODE 


twWE 
Minimum 
WE Pulse Width 
(Note 
3) 
218 
109 
104 
52 
62 
31 
ns 
CL = 50 pF, 


twCS 
Minimum 
CS Pulse ''1idth 
(Note 3) 
226 
113 
124 
62 
74 
37 
ns 
RL = 200 kn 


twCP 
Minimum 
CP Pulse Width 
(Note 3) 
240 
120 
124 
62 
74 
37 
ns 
Input 
Transition 


ts 
Set-Up Time CS to WE (Note 4) 
326 
163 
198 
99 
134 
67 
ns 
Times ~ 20 ns 


th 
Hold Time, Cs to WE (Note 4) 
0 
-15 
0 
-10 
0 
-5 
ns 


ts 
Set-Up Time, 
CS to CP 
186 
93 
104 
52 
68 
34 
ns 


th 
Hold Time, Cs to CP 
0 
-15 
0 
-10 
0 
-5 
ns 


ts 
Set-Up Time, 
Dn to WE (Note 41 
176 
68 
70 
35 
48 
24 
ns 


th 
Hold Time, 
On to WE (Note 41 
0 
-15 
0 
-10 
0 
-5 
ns 


Set-Up 
Time, 
Address 
to WE 
206 
100 
58 
ts 
(Note 4) 
103 
50 
29 
ns 


th 
Hold Time, 
Address to WE (Note 41 
0 
-15 
0 
-10 
0 
-5 
ns 


READ 
MODE 


ts 
Set-Up Time Address to CP 
706 
353 
372 
186 
208 
104 
ns 


th 
Hold Time Address to CP 
0 
-15 
0 
-10 
0 
-5 
ns 


NOTES, 


1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
Writing 
occurs 
when WE: CE, and 
CP are 
LOW. 


4. 
Assuming 
WE is utilized 
as a Writing 
STROBE. 


5. 
It 
is 
recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 
IJs at 
VOO 
'" 5 V. 
4 JJs at 
VOO 
"" 10 V 
and 
3 JJs at 


Voo"" 
15V. 
• 


;J- 


tpHZ 


90':". 
HIGH Z 
OUTPUT 
"OFF" 
STATE 
~-----' 
I~,- 


~ 
~ 


PZL 
----- 


HIGH Z 


"OFF" 
STATE 
90%'-- 


MINIMUM 
CP PULSE WIDTH, 
PROPAGATION 
DELAY 
CLOCK 
TO OUTPUT, 


AND 
SET·UP AND 
HOLD 
TIMES 
ADDRESS 
TO CLOCK 


MINIM~M 
CS PULSE WIDTH, 
MINIMUM 
WRITE 
ENABLE 
PULSE WIDTH, 


SET·UP AND 
HOLD TIMES ADDRESS 
TO WE, DATA 
TO WE, AND CS to WE 


CONDITIONS: 
CP = LOW 


• 


4 720B/4 720BX 
256-81T RANDOM ACCESS MEMORY WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 4720B/4720BX 
is a 256·Bit 
Random 
Access Memory 
with 
3·State Outputs. 
It 
has 
a 
Data 
Input 
(01. 
eight 
Ad~ss 
inputs 
(AO-A7l. 
an 
active 
HIGH 
Write 
Enable 
Input 
(WE). 
an 
active 
LOW 
Chip 
Select 
Input 
(CSI, 
an 
active 
HIGH 
3·$tate 
Output 
101 and 
an 
active 
LOW 
3·$tate 
Output 
(01. 
Information 
on 
the Data 
Input 
(OJ is written 
into 
the 
memory 
location 
selected 
by the 
Address 
Inputs 
IAO·A7) 
when the Chip Select Input 
ICSI is LOW and the Write 
Enable Input 
lWEI is 


HIGH. 
Under 
these 
conditions, 
the 
device 
is transparent, 
i.e., 
the 
data 
input 
is reflected 
at 
the 
True 
and Complementary 
Outputs 
(0, 51. Information 
is read from 
the memory 
location 
selected by the 
Address 
Inputs 
IAO-A71 while 
the Chip Select (CS) and tl1.e Write 
Enable 
(WEI 
Inputs are LOW. The 
o Output 
is the information 
written 
into 
the memory, 
Q is its complement. 
When the Chip Select 


Input (CSI is HIGH, 
both outputs 
{O, 01 are held in the high impedance OFF state. This allows other 
3-State outputs 
to be wired 
together 
in a bus arrangement. 
The 4720B/4720BX 
offers fully 
static 
oPeration. 


• 
3-ST A TE OUTPUTS 


• 
ORGANIZATION 
- 
256 WORDS 
X l·BIT 


• 
ON-CHIP 
DECODING 
• 
TRUE 
AND 
COMPLEMENT 
OUTPUTS 
AVAILABLE 


• 
FULLY 
STATIC 
• 
LOW POWER DISSIPATION 


• 
HIGH 
SPEED 
• 
TYPICAL 
HOLDING 
VOLTAGE 
OF 1.5 V 


CS 
WE 
0 
Q 
MODE 


Data Written 
Complement of 
L 
H 
Data Written 
Write 
Into Memory 
Into Memory 


Data Written 
Complement 
.,)f 
L 
L 
Into Memory 
Data Written 
Read 


Into Memory 


H 
X 
Hioh 
High 
Inhibit 
Impedance 
Impedance 


, 
·0 & 


'2 
A, 
X 
16 X 16 
INPut 


'{ 
A2 
BUfFERS 
MATRIX 


"6 
AJ 


~ 


I'J 
A. 
{7 


9 
., 
V 
> 


'10, A6 


INPUT 
BUfFERS 


"11 
A] 


Voo 
= Pin 5 


VSS 
"" Pin 
8 


NC"" 
Pin 4 


0= 
Pin Number 


16 
12 
15 


CS 
AO 


A, 


A2 


A3 


A. 


4720B4720BX 


A5 


10 
A6 


11 
A7 
Q 
Q 


13 


" 


VOD:: 
Pin 5 


VSS 
= Pin 8 
NC 
:c Pin 4 


Chip Select Input 
(Active 


LOW) 
Write Enable Input 
Data Input 
Address Inputs 
3-State Output 
(Active 


HIGH) 
3-State Output 
(Active 
LOW) 


WE 


D 


AO·A7 
Q 


NOTE: 
The 
Flatpak 
version 
has the same pin- 


outs 
(Connection 
Diagram) 
as 
the 


Oual 
I n-Iine 
Package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO = 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 


XC 
12 
Output 
OFF 
MAX 
Output 
Returned 
IOZH 
Current, 
HIGH 
0.4 
"A 
MIN,25°C 
to VOO, CS = VOO 
XM 
12 
MAX 


-1.6 
MIN,25°C 


XC 


Output 
OFF 
-12 
MAX 
Output 
Returned 
IOZL 
Current, 
LOW 
-0.4 
"A 
MIN,25°C 
- 


XM 
to VSS, CS = VOO 


-12 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 


XC 
"A 
Power 
150 
300 
600 
MAX 
All 
inputs 
at 
100 
Supply 
5 
10 
20 
MIN,25°C 
OVorVOO 


XM 
"A 
Current 
150 
300 
600 
MAX 


LIMITS 


UNrTS I TEST CONDITIONS 
SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 


M!N 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


READ 
MODE 


tPLH 
Propagation 
Delay. 
250 
500 
95 
190 
68 
136 
ns 


tpHL 
Address 
to Output 
250 
500 
95 
190 
68 
136 


tpZH 
- 
30 
60 
15 
30 
11 
22 
CRL = 1 kH to VSSI 


Enable 
Time, 
CS to Output 
ns 


tpZL 
35 
70 
17 
34 
12 
24 
(RL = 1 kH to VOOI 


tpHZ 
- 
25 
50 
15 
30 
11 
22 
IRL = 1 kH to VSSI 


Disable 
Time, 
CS to Output 
ns 
tPLZ 
27 
54 
16 
32 
12 
24 
IRL = 1 kH to VOOI 


tTLH 
75 
150 
35 
70 
25 
50 
Output Transition Time 
ns 


tTHL 
75 
150 
35 
70 
25 
50 


WRITE 
MODE 


tPLH 
Propagation Delay, 
250 
500 
100 
200 
65 
130 
n, 
CL=50pF, 
tpHL 
WE to Output 
250 
500 
100 
200 
65 
130 


WRITE 
MODE 
RL = 200 kn 


twWE 
Minimum 
WE Pulse Width 
240 
120 
110 
55 
80 
40 
ns 
Input Transition 


Set·Up Time, 
0 to WE 
80 
40 
38 
19 
28 
14 
Times'" 
20 
ns 
ts 
ns 


th 
Hold Time, D to WE 
40 
20 
22 
11 
18 
9 


ts 
Set·Up 
Time, 
Address 
to WE 
260 
130 
130 
65 
90 
45 
ns 


th 
Hold 
Time, 
Address to WE 
160 
80 
80 
40 
40 
20 


ts 
Set·Up 
Time, 
CS to WE 
60 
30 
30 
15 
20 
10 


Hold Time, Cs to WE 
ns 
th 
60 
30 
30 
15 
20 
10 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
All 
set-up 
(ts) 
and 
hold 
(thl 
times 
are measured 
with 
minimum 
write 
enable 
pulse 
width 
(twWE). 


• 


,90% 
HIGH Z 


, 
"OFF" 
STATE 
'---' 


90%, 
\-- 


4721B/4721BX 
1024-81T 
(256 x 4) RANDOM ACCESS 
MEMORY WITH 3-STATE OUTPUTS 


FAIRCHILD 
CMOS LSI 


DESCRIPTION 
- 
The 4721 B/4721 BX is a 1024-Bit 
Random 
Access Memory, 
organized 
256 words x 
4 bits, 
with 
3-.tate 
outPut~_:...!t has four 
Data Inputs 
(DO-D31, eight Addres~puts 
(Ao-A71, 
an active 
LOW Write 
Enable 
Input 
(WEI, two 
Chip Select 
Inputs, 
one active 
LOW (CSOI and one active HIGH 
(CS1 I, four 3-State Data Outputs 
(00-Q31 and an active 
LOW Output 
Enable Input 
(EOL 


Information 
on the Da~lnputsJ.Qo-D3) 
is written 
into the memory 
location 
selected by the Address 
Inputs 
(AO-A7) 
when 
CSo and WE are LOW and CS1 is HIGH. 
Under these conditions 
the Outputs 
(00-Q3) 
are 
held in a high impedance OFF ~te. 
Information 
is read from 
the memory 
lo~ion 
selected by the Address 
Inputs 
(AIl-A71 while 
CSO is LOW and CS1 and WE are HIGH. When CSO is 
HIGH 
or CS1 is LOW all OutPuts 
(UO-Q31 are held in the high impedance 
OFF state. This allows other 
3'"5tate outputs to be wired together in a bus arrangement. 


A 
HIGH 
on the 
active 
LDW 
Output 
Enable 
Input 
IEO) 
forces all Data Outputs 
(Gn-Q3) 
to a high 
impedance 
OF F status regardless of all other 
input 
conditions. 
The 4721 B/4721 BX ofters fully 
static 
operation. 
The 4721 B is specified 
to 
operate 
over a power 
supply 
voltage 
range of 5 ± 0.5 V. The 
47218X 
is specified to operate over a power supply voltage range of 4.5 V to 12.5 V. 


• 
TYPICAL 
HOLDING 
VOLTAGE 
OF 1.5 V 
• 
3-STATE 
OUTPUTS 


• 
ORGANIZATION 
- 
256 WORDS X 4 BITS 
• 
ON-eHIP 
DECODING 


• 
FULLY 
STATIC 
OPERATION 


• 
LOW POWER DISSIPATION 


• 
HIGH SPEED 
• 
TWO CHIP SELECT 
INPUTS 
FOR EASY MEMORY 
EXPANSION 


• 
ACTIVE 
LOW OUTPUT 
ENABLE 
INPUT 


PIN NAMES 


AO -A7 


DO - 
D3 
CSO' CS, 


WE 
00 - Q3 


EO 


Address Inputs 


Data Inputs 


Chip Select IActive 
LOW and Active 
HIGHI 
Inputs 


Write Enable (Active 
LOWI 
Input 


Data Outputs 


Output 
Enable (Active 
LOW) Input 


0 
"0 
0 " 
0 " 


ROW 
SelECT 
(i) " 
@ '4 


EO 
@ 
24 


@ 
23 


"0 
22 
OUTPUT 
0, 
@ 
DATA 
@ 
21 
CONTROL 
0, 
0, @ 
20 


" 
18 


17,. 


1O 
15 
" 
14 


12 
13 


VDD 
= PIN 22 


VSS 
= PIN 
B 
o 
= PIN NUMBER 


• 


INPUTS 
OUTPUTS 
MODE 


EO 
CSO 
CS1 
WE 
Qn 


H 
X 
X 
X 
High Impedance 
Output 
Disabled 


H 
L 
H 
L 
High 
Impedance 
Write 
- 
Output 
Disabled 


H 
L 
H 
H 
High 
Impedance 
Output 
Disabled 


L 
H 
X 
X 
High Impedance 
Inhibit 


L 
X 
L 
X 
High Impedance 
Inhibit 


L 
L 
H 
L 
Data Written 
Into 
Memory 
Write 
- 
Transparent 


L 
L 
H 
H 
Data Written 
Into 
Memory 
READ 


L = LOW Level 


H = HIGH 
Level 


X = Don't 
Care 


LIMITS 
. 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD - 12.5 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 


XC 
Output 
OFF 
12 
MAX 
Output 
Returned 
IOZH 
Current HIGH 
0.4 
jJ.A 
MIN,25°C 
to VDD, 
EO = VDD 
XM 
12 
MAX 


-1.6 
MIN,25°C 


XC 
Output 
OFF 
-12 
MAX 
Output 
Returned 
IOZL 
Current 
LOW 
-0.4 
jJ.A 
MIN,25°C 
to VSs.EO 
= VDD 
XM 
- 12 
MAX 


Quiescent 
32.5 
65 
130 
MIN,25°C 
CSO = VDD, 
XC 
Power 
250 
500 
1000 
MAX 
CS1 = VSS 
IDD 
Supply 
B.75 
17.5 
35 
jJ.A 
MIN,25°C 
XM 
All inputs at 0 V 


Current 
250 
500 
1000 
MAX 
or VDD 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD 
= 10 V 
VDD = 12.5 V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


READ 
MODE 
CL =50pF. 
RL=200kn 
tpLH 
Propagation 
Delay, 
420 
240 
1BO 
Input 
Transition 
ns 
tPHL 
Address 
to Output 
420 
240 
1BO 
Times<:: 
20 
ns 


tpZH 
Enable Time, 
CSo. 
CSl 
or 
150 
70 
50 
(RL = 1 kn 
to VSS) 


EO to Output 
ns 
(RL = 1 kn 
to VDD) 
tpZL 
150 
70 
50 


tPHZ 
Disable Time, CSO, CS1 or 
150 
70 
50 
(RL = 1 kn 
to VSS) 


EO to Output 
ns 
IRL = 1 kn 
to VDD) 
tPLZ 
150 
70 
50 


tTLH 
75 
35 
25 
Output Transition Time 
ns 
tTHL 
75 
35 
25 


WRITE 
MODE 


twWE 
- 
lBO 
Minimum 
WE Pulse Width 
100 
BO 
ns 


ts 
Set-Up Time, 
On to WE 
150 
120 
115 


Hold Time, 
On to WE 
ns 
th 
40 
20 
15 


ts 
Set-Up 
Time, 
Address to WE 
150 
120 
115 


Hold 
Time, 
Address to WE 
ns 
th 
40 
20 
15 


ts 
Set-Up Time, CSO or CS1 to WE 
150 
120 
115 


Hold Time, Cso or CS1 to WE 
ns 
th 
40 
20 
15 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


~o,~ 
OR'OSO 
sot; 


~ 


PLZ 
'''i 
,---.:7;:;- 
90 


10, 
"OFF" 
STATE 
'--- 


1- 
j- 


tpHZ 
lPZH 


OUTPUT 
90% 
HIGH 
Z 
~ 
-i: 
"OFF"STAT' 
'0" 
'----- 


• 


MINIMUM 
WE PULSE 
WIDTH 
AND 
SET-UP 
AND 
HOLD 
TIMES, 


On TO WE, An TO WE, AND 
CSO OR CS, 
TO WE 


NOTE' 
Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be 


specified 
as negative values. 


47228 


PROGRAMMABLE TIMER/COUNTER 


GENERAL 
DESCRIPTION 
-The 
4722B 
Programmable 
llmer/Counter 
is a monolithic 
controller 
capable 
of 
producing 
accurate 
microsecond 
to five day 
time 
delays. 
Long delays, 
up to three 
years, 
can easily be generated by cascading two timers. The timer consists 
of a time base oscillator pro- 
grammable 
8-blt 
counter 
and 
control 
flip·f1op. 
An 
external 
resistor 
capacitor 
(RxCxl 
network 
sets 
the 
oscillator 
frequency 
and 
allows 
delay 
times 
from 
1 
RxCx 
to 
255 
RxCx 
to be selected. 
In the 
astable mode of operation, 
255 frequencies 
or pulse patterns can be generated from a single RxCx 
network. 
These frequencies 
or pulse patterns 
can also easily be synchronized 
to an external 
signal. The 
Irigger 
Input 
(T). Master 
Reset 
Input 
(MR) and 
Data Outputs 
(°0, 
°2, 
°4, 
°8.°,6' 
°32, 
°64, 
0128) 
are all TTL and DTL compatible 
for easy interface with digital system. The timer's high ac· 


curacy and versatilitY In producing a wide range of time delays makes it ideal as a direct replacement 
for mechanical or electromechanical 
devices. 


• 
ACCURATE 
TIMING FROM MICROSECONDS 
TO DAYS 
• 
PROGRAMMABLE 
DELAYS FROM' 
RxCx TO 255 RxCx 
• 
TTL. DTL AND CMOS COMPATIBLE 
OUTPUTS 
• 
TIMING DIRECTLY 
PROPORTIONAL 
TO RxCx TIME CONSTANT 
• 
HIGH ACCURACY 
• 
EXTERNAL 
SYNC AND MODULATION 
CAP.~BILITY 
• 
WIDE SUPPLY VOLTAGE 
RANGE 
• 
EXCELLENT 
SUPPLY VOLTAGE 
REJECTION 
• 
LOW POWER DISSIPATION 


PIN NAMES 


Rx/Cx 
T 
MOD 
MR 


VREG 
TBO 


0,.°2.°4.°8, 


°'6.°32.°64.°128 


External Resistor/Capacitor Connection 
Trigger Input 
Modu'latlon Input 
Master Reset Input 
Regulator Output 
lime 
Base Output (Open Drain) 


Data Outputs (Active Low-Open Drain) 


VDD 
Pin 16 


VSS 
Pin 
9 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


FUNCTIONAL 
DESCRIPTION 
VVhenpower Is applied to the 47228 
with no Trigger (Tl or Master Reset {MR) Inputs, the circuit starts with all outputs in a high impedance 
OFF state. Application of a positive-going trigger pulse to T initiates the timing cycle. The Trigger Input (T) activates the lime-Base Generator, 
enables the counter and sets the counter outputs LOW.The time-base generator generates timing pulses with a period T = 1 RxCx' These clock 
pulses are counted by the a-stage Binary Counter. The timing sequence is completed when a positive-going pulse is applied to MR. 


Once triggered, the circuit is immune from additional trigger inputs until the timing cycle is completed or a Master Reset is applied. If both the 
Master Reset and Trigger Inputs are activated simultaneously. the Trigger Input takes prec~dence. 


In most timing applications, one or more of the counter outputs are connected to the Master Reset terminal with 51 closed (Figure 2). The 
circuit starts timing when a Trigger Input is applied and automatically resets itself to complete the timing cycle when a programmed count is 
completed. 
If none of the counter outputs are connected back to the Master Reset terminal (switch 51 open), the circuit operates in an astable 
or free·running mode, following a Trigger Input. 


• 
Time-base TBO can be disabled by bringing the Rx/ex 
Input LOWvia a pull.-down resistor. 


• 
Normal Time-base Output (TBO) is a negative-going pulse greater than 500 ns. 


• 
Data outputs 51 .... 
5128 sink 1.6 mA current with VOL <: 0.4 V; 


• 
For use with external clock, minimum clock pulse amplitude should be 0.7 VOO. with greater than 1 JJS pulse duration. 


W1 
TRIGGER 
_t 
INPUT 
'. 


I 111111111111111111111111 
TIME BASE 
OUTPUT 
hnnruuuuu1n.nnr _ 
t 
DATA 
TRIGGER 


OUTPUTS 
.rt. 
0, 
h..n...o...n..n 
_ 
t 


0, 


"'ASTER 
RESET 


h 
Cl 
CJ 
Cl_t 


.rt. 


0, 
h 
I 
I 
0, 
_t 
h 
_t 
016 


TRIGGERI",rUT 
-l""L-- 
-...r- 
-l to I- 


Fig. 2 
Basic Circuit Connection for Timing Applications 
Monostable: 
S1 Closed 
Astable: S1 Open 
• 


CIRCUIT 
CONTROLS 
Data 
Outputs 
(01 ... (128) 
The 
Data 
Outputs 
are 
buffered 
open-drain 
type 
stages, 
as shown 
in the block 
diagram. 
Each 
output 
is capable 
of sinking 
1.6 mA at 0.4 
V VOL' 
In the 
Master 
Reset 
condition, 
all 
the 
Data 
Outputs 
are in a high 
impedance 
OFF 
state. 
Following 
a Trigger 
Input, 
the 
Outputs 
change 
state 
in 
accordance 
with 
the 
timing 
diagram 
of Figure 
1. The 
Data 
Outputs 
can 
be used 
individually. 
or can be connected 
together 
in a wired-OR 
con- 
figuration, 
as described 
in the 
Programming 
section. 


Master 
Reset 
and 
Trigger 
Inputs 
(MR and 
T) 
The 
circuit 
is reset 
or triggered 
with 
positive-going 
control 
pulses 
applied 
to 
MR and 
T. respectively. 
Once 
triggered, 
the circuit 
is immune 
to 
additional 
trigger 
inputs 
until 
the end 
of the 
timing 
cycle. 


Modulation 
Input 
(MODI 
The 
oscillator 
time-t>ase 
period 
T can 
be 
modulated 
by 
applying 
a dc voltage 
to 
MOD. 
The time-base 
generator 
can be synchronized 
to an ex- 


ternal 
clock 
by applying 
a sync 
pulse 
to MOD, 
as shown 
in Figure 3. 


The 
time 
base 
can 
be synchronized 
by setting 
the 
time-base 
period 
T to be an integer 
multiple 
of the sync 
pulse 
period, 
Ts. This 
can be done 
by 
choosing 
the 
timing 
components 
Rx and 
Cx such 
that: 


Figure 
4 gives 
the 
typical 
pull-in 
"ange 
for 
harmonic 
synchronization 
for 
various 
values 
of harmonic 
modulus, 
m. 
For m < 10, typical 
pull-in 
range 
is greater 
than 
±4% 
of time-base 
frequency. 


Rx/Cx 
Connection 
The 
time-base 
period 
T is determined 
by 
the 
external 
RxCx 
network 
connected 
to 
Ax/Cx. 
When 
the 
time 
base 
is triggered, 
the 
waveform 
at 
Rx/Cx 
is an exponential 
ramp 
with 
a period 
T = 1.0 
RxCx. 


Time-Base 
Output 
(TBO) 
The 
Time-Base 
Output 
Is an open-drain 
type 
stage 
as shown 
in the 
block 
diagram 
and 
requires 
a pull-up 
resistor 
to 
V AEG 
for 
proper 
circuit 
operation. 
In the 
Master 
Reset 
state, 
the 
time-base 
output 
is in a high 
impedance 
OFF 
state. 
After 
triggering, 
it produces 
a negative-going 
pulse 
train 
with 
a period 
T = RxCx 
as shown 
in the 
diagram 
of Figure 
1. The 
Time-Base 
Output 
is internally 
connected 
to the 
binary-counter 
section 
and 
can 
also 
serve 
as the 
input 
for 
the external 
clock 
signal when 
the 
circuit 
is operated 
with 
an external 
time 
base. 
The counter 
section 
triggers 
on 
the 
negative-going 
edge 
of the 
timing 
or clock 
pulses 
generated 
at 
TBO. 
The 
counter 
section 
can 
be disabled 
by clamping 
the 
voltage 
level 
at TBO 
to ground. 


Tp-j I- 
oJLJl 
I---Ts-j 


,20 
£ 
il: 
w 
~16 
.•.... 
~ 
1:12 
;: 
:0~ 
~ ,. 
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II:~ ,. 
~ 
=>.. 
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RATIO 
OF TIME-BASE 
PERIOD 
TO 
SYNC-PULSE 
PERIOD 
- (TITs) 


\1ASTER 


RESET 


I"'PUT 


T~IGGE~ 
I\PUT 
J""L 


OUTPUT 
~ 
-1 TO I- 


\'ASTE~ 
~ESE 
r 
••••PUT 
J1... 


47na 
VREG 


~~o 
0, 
0204 
08°, 
'b32064 0'28 


Regulator Output 
(VREG) 
The 
Regulator 
Output 
IV REG 
is used 
internally 
to 
drive 
the 
counter 
and 
the 
control 
logic. 
This 
terminal 
can 
also 
be used 
as a supply 
to addi- 


tional 
47228 
circuits 
when 
several 
timer 
circuits 
are 
cascaded 
(see 
Figure 
6) 
to 
minimize 
power 
dissipation. 
For 
circuit 
operation 
with 
an ex- 
ternal 
clock, 
V REG 
can 
be 
used 
as the 
VOO 
input 
terminal 
to 
power 
down 
the 
internal 
time 
base 
,and 
reduce 
power 
dissipation. 
When 
supply 


voltages 
less 
than 
4.5 
V are 
used 
with 
the 
internal 
time-base, 
VREG 
should 
be shorted 
to 
VOO- 


MONOSTABLE 
OPERATION 
Precision Timing 
In precision 
timing 
applications, 
the 
47228 
is used 
in its 
monos 
table 
or self-resetting 
mode. 
The 
generalized 
circuit 
connection 
for 
this 
appli- 


cation 
is shown 
in 
Figure 
2. 
The 
output 
is normally 
OFF 
and 
goes 
LOW 
following 
a Trigger 
Input. 
It remains 
LOW 
for 
the 
time 
duration, 


T Q' and 
then 
returns 
to 
the 
OFF 
state. 
The 
duration 
of the 
timing 
cycle 
TO is given 
as: 


where 
T = 
RxCx 
is the 
time-base 
period 
as set by 
th! 
choic,:- 
of timing 
components 
at 
Ax/Cx 
and 
N is an integer 
in the 
range 
of 1 ~ 
N ~ 
255 
as 
determined 
by 
the 
combination 
of counter 
outputs 
01 
... 
0128' 
connected 
to the 
output 
bus. 


• 


___ . 
•..._.••.. 
_ ._ •••••••_ ••••••.•••••.••••" ••.•••• ,,"~ 
"'Y""'" , 
I Q' I:» -.)L 
I • .:K11lIldIlY. 
(I 
1-'(11~ 1,0, 
afla 
0 
are shorted 
to the output 
bus. the total time delay is TO" 
(1 + 16 + 32) T :-::49 T. In this manner, by proper choice of counter terminals con- 


nected to the output bus, the timing cycle can be programmed to be 1 T ~ TO ~ 255 T. 


Ultra-Long Time-Delay Application 
Two 4722& 
can be cascaded as shown in Figure 5 to generate extremely long time delays. Total timing cycle of two cascaded units can be pro- 


grammed from TO = 256 RxCx to TO = 65.536 RxCx in 256 discrete steps by selectively shorting one or more of the Data Outputs from Unit 2 
to the output 
bus. In this application. 
the Master Reset and the Trigger Inputs of both units are tied together and the Unit 2 time base gener- 
ator is disabled. 
Normally, 
the output 
is OFF when the system is reset. On triggering, the output 
goes LOW where it remains for a total of 
(256)2 or 65.536 cycles of the time-base oscillator. 


In cascaded oPc,.,~:on. the time-base generator of Unit 2 can be powered down to reduce power consumption 
by using the circuit connection 
of 
Figure 6. In this case, the VOO terminal of Unit 2 is left open, and the second unit is powered from the VREG Output of Unit 1 by connecting 
the VREG (pins 15) of both units together. 


ASTABLE 
OPERATION 
The 47228 
can be operated 
in its astable or free-running mode by disonnecting 
the Master Reset Input from the Data Outputs. 
Two tYpical 
circuits are shown in Figure 
7 and 8. The circuit in Figure 
7 operates in Its free-running mode with external trigger and reset signals, It starts 
counting and timing following a Trigger Input until an external 
Master Reset pulse is applied, Upon applicatfon of a posltive..going reset signal 
to MR, the circuit reverts back to its Master Reset state. This circuit is essentially the same as that of Figure 2 with the feedback switch 51 open. 


The circuit of Figure 8 is designed for continuous 
operation. 
It self·triggers automatically 
when the power supply is turned on, and continues 
to operate in its free-running 
mode indefinitely. 
in astable or free-running operation; 
each of the counter 
outputs 
can be used individually as 


synchronized 
oscillators, or they can be interconnected 
to generate complex pulse patterns. 


Binary Pattern Generation 
In astable operation, 
as shown in Figure 7, the output 
of the 47228 
appears as a complex pulse pattern. 
The waveform of the output 
pulse 


train can be determined 
directly 
from the timing diagram of Figure 
1, which shows the phase relations between the counter outputs. 
Figures 9 
and 
10 show some of the complex pulse patterns 
that can be generated. 
The pulse pattern 
repeats itself at a rate equal to the period of the 
highest counter 
bit connected 
to the common output 
bus. The minimum pulse width contained in the pulse train is determined 
by the lowest 
counter bit connected 
to "the output. 


TRIGGERK 


<\1ASTER 


RESETR 


JL1UULJl 
I1IUlIL-J1flJUl 
+jrj- 
M3T 
T' A.C. 
--IT/- t--8T--t-n-l 


PINS 1 AND 
2 SHORTED 


B. 3 PIN PATTERN 
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PINS 1. 3. AND 
5 SHORTED 


VDD 
Pin 
16 


R~fC~ 
Vss 
Pin 9 


4122B 
vREG 
MR 
O. 
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OPERATION 
WITH 
EXTERNAL 
CLOCK 
The 47228 
can be operated 
with 
an external 
clock 
or time 
base by disabling 
the internal 
time-base generator and applying 
the external 
clock 
input 
to TBC. 
The recommended 
circuit 
connection 
for this application 
is shown in Figure 
1,. The internal 
time base is de-activated 
by con- 
necting a resistor from 
RxCx to ground. 
The counters 
are triggered 
on the negative-going 
edges of the external 
clock 
pulse. 


FREQUENCY 
SYNTHESIZER 
The programmable 
counter 
section 
of the 47228 
can be used to generate 255 discrete 
frequencies 
from a given TIme-Base Output 
setting using 
the circuit 
connection 
of Figure 
12. The circuit 
output 
is. a posl~e 
pulse train with a pulse width equal to T, and a period equal to (N + 1) T 
where N is the programmed 
count in the counter. 
The modulus 
N is the total count corresponding 
to the Data Outputs 
connected 
to the output 
bus. For example, 
if pins 1, 3, and 4 are connected 
together 
to the output 
bus, the total 
count 
is N = 1 + 4 + 8 = 13, and the period of the 
output 
waveform 
is equal to IN + 1) Tor 
14 T. In this manner, 
255 different 
frequencies 
can be synthesized 
from a given time-base setting. 


EXTERNAL 
CLOCK 
nJ1hrL 


JL.. 


JL.. 


REFERENCE 
'"1 


J"lJ1.. 
i:I:J 


TO 


Fig. 13 
Frequency Synthesis by Harmonic locking to an External Reference 


SYNTHESIS 
WITH 
HARMONIC 
LOCKING 
The harmonic 
synchronizing 
feature 
of the time base can be used to generate 
a wide number 
of discrete frequencies 
from a given input refer· 
ence frequency. 
The circuit connection 
for this application 
is shown in Figure 
13 (see Figures 
3 and 4 for external 
sync waveform 
and harmonic 
capture 
rangel. 
If the time base is synchronized 
to (m)th harmonic 
of input 
frequency 
where 1 ~ m ~ 
10, the frequency 
fa of the output 
waveform 
in Figure 
13 is related to the input reference 
frequency 
fA as 


where m is the harmonic 
number, 
and N Is the programmed 
counter 
modulus. 
For a range of 1 ~ 
N ~ 
255, the circuit 
of Figure 
13 can produce 
2550 different 
frequencies 
from a single fixed reference. 


The circuit 
of Figure 
13 can be used to generate 
frequencies 
which are not harmonically 
related 
to a reference 
input. 
For example, 
by select- 
ing the external 
AxCx to set m = 10 and setting 
N = 5, a 100 Hz output 
frequency 
synchronized 
to 60 Hz power line frequency 
can be obtained. 


STAIRCASE 
GENERATOR 
The 47228 
Programmable 
Timer/Counter 
can be interconnected 
with an external 
operational 
amplifier and a precision 
resistor ladder to form 
a staircase 
generator 
as shown in Figure 
14. Under Master Reset condition, 
the output 
is LOW. When a Trigger is applied, the op amp output 
goes HIGH and generates 
a negative-going 
staircase 
of 256 equal steps. The time duration 
of each step is equal to the time-base period T. The 
staircase can be stopped 
at any level by applying a disable signal to TBO, through 
a steering diode, as shown in Figure 
14. The count is stopped 
when TBO is clamped. 


• 
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• 
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_ 


section. 
When 
a strobe 
input 
is applied, 
the 
RxCx 
low-pass 
network 
between 
the 
Master 
Reset 
and 
the 
Trigger 
Inputs 
resets 
the 
timer, 
then 
triggers 
it. This strobe 
input 
also sets 
the output 
of the bistable 
latch 
to a HIGH 
stage 
and activates 
the counter. 


The 
circuit 
generates 
a staircase 
voltage 
at the 
op amp 
output. 
When 
the 
level 
of the 
staircase 
reaches 
that 
of the analog 
input 
to be sampled, 


the 
comparator 
changes 
state, 
activates 
the bistable 
latch 
and stops 
tne 
count. 
At this point, 
the voltage 
level at the op amp 
output 
corresponds 
to the sampled 
analog 
input. 
Once 
the 
input 
is sampled, 
it is held 
until 
the next 
strobe 
signal. 


ANALOG-TO-DIGITAL 
CONVERTER 
Figure 
16 shows 
a simple 
B-bit 
AID 
converter 
system 
using 
the 
47228. 
Circuit 
operation 
is very 
similar 
to that 
of the digital 
sample 
and 
hold 


system 
of 
Figure 
15. 
In the 
case 
of 
AID 
conversion, 
the 
digital 
output 
is obtained 
in parallel 
format 
from 
the binary-counter 
outputs 
with 
the 
output 
at pin 8 corresponding 
to the most 
significant 
bit 
(MSBI. 


DIGITAL TACHOMETER 
TIME BASE 


A digital 
tachometer 
requires 
a time-base 
generator 
to supply 
two 
pulse 
outputs 
at specific 
intervals, 
e.g., every 
second. 
The first 
pulse 
is a com- 


mand 
(load) 
to 
transfer 
the 
accumulated 
counts 
in the 
counter 
section 
into 
latches 
(memory); 
the second 
resets 
the counter 
to zero. 
A simple 


adjustable 
time 
base, 
accurate 
to approximately 
±O.5%, 
can be implemented 
using 
the circuit 
in Figure 
17. 


MR 
a, 
a, 
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02 


128R 
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47238 
DUAL 4-BIT ADDRESSABLE LATCH 


DESCRIPTION 
- 
The 
4723B 
is a Dual 4-Bit 
Addressable 
Latch with 
common 
control 
inputs; 
these 
include 
two Address 
Inputs 
(AO. A,). 
an active 
LOW 
Enable 
Input 
(E) and an active 
HIGH 
Clear Input 
(CLI. 
Each latch has a Data Input 
(D) and four Outputs 
(°0-°31. 


When the Enable (E) and Clear (CLl 
Inputs 
are HIGH. 
al,l Outputs 
(00-03) 
are .!:OW. Dual 4-channel 
demultiplexing 
occurs when the Clear Input 
(CLl 
is HIGH and the Enable Input 
(E) is LOW. 


When the Clear (CLl and Enable (E) inputs are LOW. the selected Output 
(00-03).~etermined 
by the 
Address 
Inputs 
(AO. Al). 
follows 
the Data 
Input 
(01. When the 
Enable Input 
(E)_goes HIGH. 
the 
contents 
of 
the 
latch 
are 
stored. 
When 
operating 
in the 
addressable 
latch 
mode 
IE:::: CL = 
LOW). 


changing 
more 
than 
one 
bit 
of 
the 
address 
(AO. 
Al) 
could_impose 
a transient 
wrong 
address. 
Therefore. 
this should only be done while in the memory 
mode (E = HIGH. CL = LOWI. 


• 
SERIAL-TO-PARALLEL 
CAPABILITY 
• 
OUTPUT 
FROM EACH STORAGE 
BIT IS AVAILABLE 
• 
RANDOM 
(ADDRESSABLE) 
DATA 
ENTRY 
• 
ACTIVE 
HIGH 
DECODING 
OR DEMUL TlPLEXING 
CAPABILITY 


• 
EASILY 
EXPANDABLE 
• 
ACTIVE 
HIGH 
COMMON 
CLEAR 


PIN NAMES 


AO.Al 
Da• Db 
E 
CL 


00a-03a. 
Oob,Q3b 


Address 
I"puts 


Data 
Inputs 
Enable Input 
(Active 
LOW) 
Clear Input 
(Active 
HIGH) 


Parallel 
Latch Outputs 


NOTE: 
The 
Flatpak 
version has the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual In·line Package. 


Voo:::: 
Pin 
16 


VSS 
::::Pin 
8 
0:::: Pin Numbers 


• 


MOOE SELECTION 


e- 
CL 
MODE 


L 
L 
Addressable 
Latch 


H 
L 
Memory 


L 
H 
Dual 4-Channel 
Demultiplexer 


H 
H 
Clear 


TRUTH 
TABLE 


CL 
e- 
O 
AO 
A, 
°0 
0, 
°2 
°3 
MODE 


H 
H 
X 
X 
X 
L 
L 
L 
L 
Clear 


H 
L 
L 
L 
L 
L 
L 
L 
L 
Demultiplex 


H 
L 
H 
L 
L 
H 
L 
L 
L 


H 
L 
L 
H 
L 
L 
L 
L 
L 


H 
L 
H 
H 
L 
L 
H 
L 
L 


H 
L 
L 
L 
H 
L 
L 
L 
L 


H 
L 
H 
L 
H 
L 
L 
H 
L 


H 
L 
L 
H 
H 
L 
L 
L 
L 


H 
L 
H 
H 
H 
L 
L 
L 
H 


L 
H 
X 
X 
X 
°N_' 
°N_' 
°N_' 
°N_' 
Memory 


L 
L 
L 
L 
L 
L 
°N_' 
°N_' 
°N_' 
Addressable 


L 
L 
H 
L 
L 
H 
°N_' 
°N_' 
°N_' 
Latch 


L 
L 
L 
H 
L 
°N-1 
L 
°N_' 
°N_' 


L 
L 
H 
H 
L 
°N_' 
H 
°N_' 
°N_' 


L 
L 
L 
L 
H 
°N_' 
°N-1 
L 
°N-1 


L 
L 
H 
L 
H 
°N_' 
°N_' 
H 
°N_' 


L 
L 
L 
H 
H 
ON-1 
°N_' 
°N_' 
L 


L 
L 
H 
H 
H 
°N_' 
°N_' 
°N-1 
H 


L 
LOW Level 
H 
HIGH Level 
X 
Don't 
Care 
QN.1 
= State 
before 
the positive 
transition 
of the Enable Input 


LIMITS 


SYMBOL 
PARAMETER 
VOD = 5 V 
VOO='OV 
VOO = 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
"A 
Power 
150 
300 
600 
MAX 
All inputs 
at 
100 
Supply 
5 
10 
20 
MIN,25°C 
o Var 
VOO 
XM 
"A 
Current 
150 
-300 
600 
MAX 


NotM 
on following 
page. 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
- 10 V 
VDD 
- 15V 
UNITS 
TEST CONDITIONS 


MIN 
TVP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IPLH 
Propagation Delay. E to On 


110 
225 
50 
100 
35 
80 
ns 


IpHL 
110 
225 
50 
100 
35 
80 


IPLH 
95 
200 
45 
85 
30 
68 
Propagation 
Delay. 
0 to Qn 
ns 


IPHL 
95 
200 
45 
85 
30 
68 


IpLH 
Propagation 
Delay. 
120 
250 
55 
100 
40 
80 


ns 
IPHL 
Address 
to 
Qn 
120 
250 
55 
100 
40 
80 


IpHL 
Propagation 
Delay. CL to an 
95 
190 
45 
85 
30 
68 
ns 


CL=50pF, 


ITLH 
75 
135 
40 
70 
25 
45 
RL =200 
kU 


Output 
Transition Time 
ns 
Input Transition 
ITHL 
75 
135 
40 
70 
25 
45 
Times <; 20 ns 


Is 
Set-Up 
Time, 
0 to E 
50 
30 
30 
10 
24 
5 


Hold Time, D to E 
ns 
Ih 
30 
15 
30 
15 
24 
10 


Is 
Set·Up 
Time. 
Address 
to E 
90 
30 
35 
10 
28 
5 


Hold Time, 
Address to E 
ns 


Ih 
0 
-5 
5 
0 
4 
0 


IwE 
Minimum 
E Pulse Width 
70 
50 
35 
20 
28 
15 
ns 


IwCL 
Minimum 
CL Pulse Width 
70 
50 
35 
20 
28 
15 
ns 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed in this section 
under 4000B Series CMOS Family Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40006 
Series 
CMOS 
Family 
Characteristics 
. 


NOTES: 
1. 
Set-up 
and Hold Times are shown as po,itive 
values but may 
be specified 
as negative values. 


2. 
The Address 
to 
Enable 
Set-up 
Time 
is the time 
before 
the 
HIGH-to-LOW 
Enable 
transition 
that 
the 
Address 
must 
be 


stable 
so that 
the 
correct 
latch 
is addressed 
and 
the 
other 


latches are not affected. 
\JIl7777J. 
__ 
51ff11111A 


CL __ 
~ 


MINIMUM 
PULSE WIDTH 
FOR E AND 
CL AND 
SET·UP 
AND 
HOLD 
TIMES, 
0 TO E AND 
An TO E 
• 


POWER DISSIPATION 
VERSUS 
FREOUENCY 


1000 


~ 
TA1,Iii c 


7 100 


CL"'15pf 
-- 


Cl" 
SOpF 
- 
- 


105 
106 


PROPAGATION 
DELAY, 
£ TO 
On. VERSUS 
LOAD 
CAPACITANCE 


J220 
g 200 


I~- 180 
< 
u:j 160 
oz '40 
o 
~ 
120 


'"i': 
I~ 
60 
l 
40 
:i: 
E 
20 


PROPAGATION 
DELAY. 
D TO 
On. VERSUS 
LOAD 
CAPACITANCE 


.,/ 
/.,./ 


~ 
110 
Cl ~ lS pF 


o 100 
Ieo 9. 


>'. 
80 
~ 
o 
10 
"".. 


~ 
60 
,... 
~ 


~ 
50 


~ 
40 


, 3. 


it 
20 


47248 
8-BIT ADDRESSABLE LATCH 


DESCRIPTION 
- The 4724B 
is an 8-Bit Add~ssable 
Latch 
with three 
Address 
Inputs 
IAO-A2I, 
a 
Data Input 
(0), an active 
LOW Enable 
Input 
lEI, an active HIGH Clear Input ICLl and eight Parallel 
Latch Outputs 
100-0]1. 


When 
the 
Enable 
IE) and the Clear ICLl Inputs 
are HIGH, all Outputs 
100-0]) 
are LOW. Eight- 
channel 
demultiplexing 
or active 
HIGH 
1-of-8 
decoding 
with 
output 
enable 
operation 
occurs when 
the Clear Input 
ICLl is HIGH and the Enable Input 
lEI is LOW. 


When the Clear (eU 
and Enable IE.) Inputs are LOW, the selected Output 
IOO·Q711determined 
by the 
address 
Inputs 
AO-A2) follows 
the 
Data 
Input 
101. When 
the 
Enable 
Input 
lEI goes HIGH, 
the 
contents 
of 
the 
latch 
are stored. 
When 
operating 
in the 
addressable 
latch 
mode (e := CL 
:= 
LOW). 


changing 
more than one bit of the addr~ss (AO-A2) 
could 
impose a transient 
wrong address. Therefore, 
this should 
only 
be done while 
in the memory 
mode 
(E" = HIGH, 
CL = LOW). 


• 
SERIAL-TO-PARALLEL 
CAPABILITY 
• 
EIGHT 
BITS OF STORAGE 
WITH THE OUTPUT 
OF EACH BIT AVAILABLE 
• 
RANDOM 
(ADDRESSABLE) 
DATA 
ENTRY 
• 
ACTIVE 
HIGH 
DEMULTIPLEXING 
OR DECODING 
CAPABILITY 
• 
EASILY 
EXPANDABLE 


• 
COMMON ACTIVE 
HIGH CLEAR 


Voo ""Pin 16 


VSS 
"" Pin 
8 


PIN NAMES 
AO-A2 
o 
e- 


CL 
00-0] 


Address 
Inputs 


Data Input 


Enable 
Input 
(Active 
LOW) 


Clear Input (Active HIGH) 


Parallel Latch Outputs 


NOTE: 


The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In-line 
Package. 


Voo;: 
Pin 16 


VSS 
;: Pin 
8 
o ;:Pin 
Numbers • 


E 
CL 
MODE 


L 
L 
Addressable 
Latch 


H 
L 
Memory 


L 
H 
Active 
HIGH 
8-Channel 
Demultiplexer 


H 
H 
Clear 


PRESENT 
OUTPUT 
STATES 


CL 
E 
0 
AO 
A1 
A2 
QO 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
MODE 


H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
CLEAR 


H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
DEMULTIPLEX 


H 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


H 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


L 
H 
X 
X 
X 
X 
QN-1 
~ 
MEMORY 


L 
L 
L 
L 
L 
L 
L 
QN-1 
QN-1 
QN-1 
• 
ADDRESSABLE 


L 
L 
H 
L 
L 
L 
H 
QN-1 
QN-1 
~ 
LATCH 


L 
L 
L 
H 
L 
L 
QN-1 
L 
QN-1 
~ 


L 
L 
H 
H 
L 
L 
QN-1 
H 
QN-1 
~ 


L 
L 
L 
H 
H 
H 
QN-1 
~ QN-1 
L 


L 
L 
H 
H 
H 
H 
QN-1 
• QN-1 
H 


L = LOW 
Level 


H = HIGH 
Level 


X :::: Don't Care 


QN-l 
:: State 
Before 
the 
Positive 
Transition 
of the 
Enable 
Input 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
BO 
MIN,25°C 
XC 
I'A 
Power 
150 
300 
600 
MAX 
All inputs at 
100 
Supply 
5 
10 
20 
MIN,25°C 
o Vor 
VDD 
XM 
I'A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
- 
110 
225 
50 
100 
35 
80 
Propagation Delay, E to Qn 
ns 


tPHL 
110 
225 
50 
100 
35 
80 


tPLH 
95 
200 
45 
85 
30 
68 
Propagation Delay. 0 to Qn 
ns 
tPHL 
95 
200 
45 
85 
30 
68 


tpLH 
Propagation 
Delay. 
120 
250 
55 
100 
40 
80 
ns 


tpHL 
Address 
to On 
120 
250 
55 
100 
40 
80 


tPHL 
Propagation 
Delay, 
CL to On 
95 
190 
45 
85 
30 
68 
ns 
CL=50pF, 


tTLH 
75 
135 
40 
70 
25 
45 
RL = 200 kn 


Output Transition Time 
ns 
Input Transition 
tTHL 
75 
135 
40 
70 
25 
45 
Times < 20 ns 
t, 
Set-Up Time, 0 to E 
50 
30 
30 
10 
24 
5 


Hold Time. 0 to E- 


ns 
th 
30 
15 
30 
15 
24 
10 


ts 
Set-Up 
Time, 
Address 
to 
E 
90 
30 
35 
10 
28 
5 


Hold 
Time, 
Address 
to E 
5 
ns 


th 
0 
-5 
0 
4 
0 


twE 
Minimum 
E Pulse Width 
70 
50 
35 
20 
28 
15 
ns 


twCL 
Minimum 
CL Pulse Width 
_ 
70 
50 
35 
20 
28 
15 
ns 


NOTES: 
,. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics 
. 


• 
NOTES: 
1. 
Set-up 
and 
Hold 
Times 
are 
shown 
as positive 
values 
but 
may 
be 
specified 
as negative 
values. 


2. 
The 
Address 
to 
Enable 
Set-up 
Time 
is the time 
before 
the 
HIGH- 


to-LOW 
Enable 
transition 
that 
the 
Address 
must 
be stable 
so 
that 
the 
correct 
latch 
is 
addressed 
and 
the 
other 
latches 
are 
not 
affected. 


MINIMUM 
PULSE WIDTH 
FOR E AND 
CL 
AND 
SET·UP AND 
HOLD 
TIMES, 
D TO E AND 
An TO E 


I U·,•.•"L 
t:Lt:~It1I~AL 
~HAt1A{;It:HI::;IICS 


PROPAGATION 
DELAY, 
D TO 
POWER 
DISSIPATION 
an. VERSUS 
VERSUSFREOUENCY 
LOAD 
CAPACITANCE 
1000 


TA 'J,[ c 
! III 


'80 


£ 
fA" 2S C 
0' 
~ 
I 
II 
I 160 
-4QO· 


, 
'00 


"1 


a 
.•+Y 
.I.~ 
I 
V- 


i ii, 


I 


~ 


g 
140 
~ ~-- 
10 


" 


Q 
./ 
,,\..~ 


Iii' 
Ii 
I 
' 
>' 120 


" 
I 
~ 
V 
,./ 


, 0 


Q '00 
I I "00 ~ 15\1 ~ 
~ 
V V 
I III 'I 
;:: 
80 
-J 
0·,(111 
:::~; 


c" 
\.,~\...~ 
c 
60 


:rti 


~ 
\v\..~."DOl"' ,0'1 


I 
40 
l 
F"'"- 
~. 
\~L' 
"00" ~sv 


'0" 
~ 
:1, 


CL~ 15pr-_ 
-. 
20 


ClzSOpF 
-- 
~ 


'02 
103 
10' 
,05 
'0· 
'0' 
0 
20 
co 
60 
80 
100 '" 
lCO 
180 


INPUT 
FREQUENCY 
- 
Hz 
CL 
- 
LOAD 
CAPACITANCE 
- 
pF 


PROPAGATION 
DELAY, 
E TO 
an. VERSUS 
PROPAGATION 
DELAY. 
D TO 
LOAD 
CAPACITANCE 
an. VERSUS 
TEMPERATURE 
,.0 


£ 
TA·25 
C 
I 


120 
I 
I 
'I: 220 
~ 
110 


C\..",15pF 
c 
I 
I 
I 
./ 
g200 
I 
.~ 
c 
'00 
Goo':::"- I" 
.••... 
I: 110 
~ 
;! 
90 
c 
",v 
Q 
\.'l""\.·"oo·~ 
;;: 160 
., 
>' 
80 


0 
./ 
I .J:;" 
~ 
,-~, 


~ ,co 
V 
~."OO 
Q 
'0 


1 
/ 
./ 
~ 
120 
z 
Q 
60 
" 


..... 
I-- 
I 
I 
;:: 
c 
'00 
c •• 
•. ,0'11- 
I 
~ 
~ 
I" !,0" 
" 
80 
i 


40 
tpt'!oL'''OO 
~ 


, 
tp"'L'~ 
...,ov 
60 
30 
'tct"LI- 
$ 
tP\..~·VOO·'O'I 
I 


co 
~,. 


tp,LH. 
'PH\..' 
~DO 
"'1'5\1 l- 
i 
'p\.H- 'pH\..'"00" 
fiN 
x 
~ 20 
'5 
10 
I 
I 
I 
~ 
0 
I 
I 
0 
,. 
co 
80 
80 
'00 
120 
,CO 
'50 
·60 
·'0 
-20 
0 
20 
40 
60 
80 ••• 
120 
'40 
e\.- LOAD CAPACITANCE 
- 
pF 
fA'- 
AMBIENT 
TEMPERATUA,E 
- 
C 


47258/47258X 


64-8JT (16x4) RANDOM ACCESSMEMORY 
WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 
4725B/4725BX 
is a 54-Bit 
Random 
Access Memory 
with 
3-State Outputs 
organized 
as 16 words 
by four 
bits ~th 
four 
Data 
Inputs 
(00-03), 
four 
~dress 
Inputs 
(AO-A3), 
an active 
LOW Write 
Enable Input 
(WE), an active LOW Chip Select Input 
(CS) and four active LOW 
3-State Outputs 
(00-03). 


Information 
on the four 
Data 
Inputs (00·03) 
is written 
into the memory 
location selected by the 
Address 
Inputs 
(AO-A3) when both the Chip Select Input 
(CS) and the Write 
Enable Input 
(WEI are 
LOW. 
Under 
these 
conditions, 
the 
Outputs 
(00-03) 
are held 
in a high 
impadance 
OFF 
state. 


Information 
is read from 
the memory 
location 
selected by the Address 
Inputs 
(AO-A31 
while 
the Chip 
Select Input 
(CS) 
is LOW and the Write 
Enable Input 
(WE) is HIGH. 
The Outputs 
(00-03) 
are the 
complement 
of the information 
written 
into the memory. 
When the Chip Select Input (CS) is HIGH, 


all Outputs 
(00.°3) 
are held in the high impedance OFF state. This allows other 3-State outputs 
to be 
wired 
together 
in a bus arrangement. 
The 4725B/A725BX 
offers 
fully 
static operation. 
Th.e 4725B is 
specified 
to operate over a power supply voltage range of 4.5 to 12.5V. 
The 4725BX 
is specified 
to 
operate 
over a power 
supply voltage 
range of 3 to 15V. 


• 
3·STATE 
OUTPUTS 
• 
ORGANIZATION 
- 
16 WORDS X 4 BITS 


• 
ON-CHIP DECODING 
• 
INVERTED 
DATA 
OUTPUT 
• 
FULLY 
STATIC 
OPERATION 
• 
TYPICAL 
HOLDING 
VOL TAGE OF 1_5V 


CS 
WE 
OUTPUTS 
MODE 


L 
L 
High Impedance 
Write 


L 
H 
Outputs 
are Complement 
of 
Read 
Data Written 
into 
Location 


H 
X 
High 
Impedance 
Inhibit 


·.....·..·.. 


16 X 4 
ARRAY 
MEMORY 
CELL 


Voo 
- Pin 16 


VSS 
- Pin 
8 
o 
- Pin 
Number 


AD 


15 
A1 


A2 


472584725BX 


14 


13 
A3 


16 


15 


14 • 


13 


12 


11 


10 


NOTE, 
The 
Flatpak 
version 
has the same 
pin- 


outs 
(Connection 
Diagram) 
as 
the 


Dual 
In-line 
Package. 


PIN NAMES 
~ 


WI; 


Chip Select Input (Active 
LOW) 


Write Enable Input 
(Active 
LOW) 


Data 
Inputs 
Address Inputs 
3~State Outputs 
(Active 
LOW) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
- 5 V 
VDD-10V 
VDD-15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.6 
MIN,25°C 
XC 
Output 
Returned 
Output 
OFF 
12 
MAX 


IOZH 
~A 
MIN,25°C 
10 VDD, Cs = VDD 
Current 
HIGH 
0.4 


XM 
12 
MAX 


-1.6 
MIN,25°C 
XC 
MAX 
Output 
Returned 
OUlput 
OFF 
- 12 


IOZL 
~A 
MIN,25°C 
10 VSS. Cs = VDD 
Current 
LOW 
-0.4 
XM 
- 12 
MAX 


QUIescent 
20 
40 
80 
MIN,25°C 
XC 
Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
10 
20 
~A 
MIN,25°C 
o Vor 
VDD 
Supply 
5 
XM 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


READ 
MODE 
CL=50pF, 


IPLH 
Propagation 
Delay, 
250 
500 
98 
196 
65 
130 
RL = 200kn 


ns 
Input Transition 


tPHL 
Address 
to Output 
250 
500 
98 
196 
65 
130 
Times <. 20 ns 
tpZH 
- 
55 
110 
24 
50 
18 
36 
RL=1 
kntoVsS 
Enable 
Time, 
CS to Output 
ns 


tPZL 
66 
135 
30 
60 
22 
44 
RL = 1 kn 
to VDD 


tPHZ 
- 
53 
100 
33 
66 
28 
56 
R L = 1 kn 
to V SS 
Disable Time, CS to Output 
ns 


IpLZ 
60 
120 
30 
,60 
23 
46 
RL = 1 kn 
to VDD 


tTLH 
65 
130 
30 
60 
25 
50 
Output Transition Time 
ns 
tTHL 
75 
150 
35 
70 
25 
50 


WRITE 
MODE 


tpZH 
Enable Time, WE to Output 


69 
138 
28 
56 
20 
40 
R L • 1 kn 
to VSS 


ns 
tPZL 
83 
166 
35 
70 
24 
48 
RL=1kntoVDD 


tpHZ 
Disable Time, WE to Output 
60 
120 
26 
52 
18 
36 
RL = 1 kn 
to VSS 
ns 
tPLZ 
72 
144 
32 
64 
24 
48 
RL = 1 kn 
to VDD 


-- 


Minimum 
WE Pulse Width 
160 
79 
72 
52 
26 
twWE 
36 
ns 


Is 
Set-Up Time, On to WE 
170 
85 
80 
39 
60 
30 


Hold Time, On to WE 
24 


ns 
Ih 
12 
12 
6 
7 
3 


Is 
Set-Up 
Time, 
Address 
to WE 
300 
150 
160 
80 
120 
60 


Hold 
Time, 
Address to WE 


ns 
th 
0 
-40 
0 
-20 
30 
-15 


ts 
Set-Up Time, CS to WE 
300 
150 
160 
80 
120 
60 


Hold Time, Cs to WE 
40 


ns 
th 
BO 
40 
20 
30 
15 


NOTES, 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays and Output 
Transition 
Times are grctphically described 
in this section under 40008 
Series CMOS Family Characteristics. 


3. 
All 
Set-Up 
(ts) and Hold 
(th) 
times 
are measured 
with 
minimum 
Write 
Enable 
Pulse Width 
{twWEI. 


~----- 
HIGH 
Z 


10% 
"OFF" 
STATE 


MINIMUM 
WE PULSE WIDTH 
AND SET-UP AND 
HOLD 
TIMES. 


On TO WE. An TO WE. AND Cs TO WE 


• 


47278 
7-STAGE COUNTER 


DESCRIPTION 
- 
The 47278 
is a 7·5tage Frequency 
Counter 
especially 
useful for frequency 
synthesis 
in musical 
applications. 
The device is designed to generate. 
from 
a primary 
chromatic 
scale, each of the 
twelve flats, sharps. and naturals comprising each chromatic scale of the seven additional octaves in the 
musical spectrum. Twelve 47278 
devices are required to generate the entire musical spectrum from a 
primary 
scale. 


The 47278 
consists 
of a pair of 2-8it 
Counters. 
with 
Clock 
Inputs 
(CPO and CP2) and Parallel Outputs 
100 and Q,. 
Q2 and Q3). available. 
and three 
'-bit 
counters. 
also with 
Clock 
Inputs 
(CP4. CP5. and 
CPs) 
and 
Parallel 
Outputs 
(Q4. 
Q5. 
and 
QS) available. 
Each counter 
advances on a LOW-to-HIGH 
transition 
at the appropriate 
Clock Input. 


• 
REPEATS 
A PRIMARY 
MUSICAL 
NOTE 
OR HALF 
NOTE 
IN SEVEN 
OCTAVES 
• 
CLOCK 
INPUT 
EDGE - 
TRIGGERED 
ON THE 
LOW-TO-HIGH 
TRANSITION 


• 
BUFFERED 
OUTPUTS 
AVAILABLE 
FROM 
ALL 
SEVEN 
STAGES 


CPo 
00 
1. 


CP2 
Q, 
13 


CPo 
47276 
Q2 
12 


CPs 
Q3 
11 


CP6 
a. 
10 


Qs 


OB 


Voo 
'" PIN 7 


VSS '" PIN 
1 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
In-Line 
Package. 


0"" 
o 
CP4 


0"'s 
0"" 


VDD~ 
PIN 7 


VSS~ PIN 1 
o = PIN NUMBER 


OC CHARACTERISTICS: 
VOO as shown, 
Vss = 0 V (See Note 
11 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOUT 
= 4.5 VFor 


Output 
-0.3 
-0.84 
-1.B 
MIN 
VOO = 5 V. 


VOUT 
= 9.5 V For 


IOH 
High 
0.25 
-0.7 
-1.5 
mA 
25° C 
VOO=10V. 


Current 
-0.2 
-0.56 
-1.1 
MAX 
VOUT 
= 13.5 V 
For VOO = 15 V. 
Inputs 
at 


VOUT 
= 0.4 V 
Vss or VOO 


for VOO = 5V 
Per the 


Output 
0.64 
1.6 
4.2 
MIN 
VOUT 
= 0.5V 
Logic 


IOL 
Low 
0.51 
1.3 
3.4 
mA 
25°C 
forVOO=10V 
Function 
or 
VOUT 
= 1.5V 


Current 
0.36 
0.9 
2.4 
MAX 
for VCC = 15 V 
Truth 
Table 


Quiescent 
20 
40 
80 
MIN,25° 
C 


Power 
XC 
ISO 
300 
600 
I'A 
MAX 
100 
All 
Inputs 
at V DO or V SS 
Supply 
5 
10 
20 
MIN,25°C 


Current 
XM 
150 
300 
600 
I'A 
MAX 


AC CHARACTERISTICS 
AND 
SET-UP 
REQUIREMENTS: 
VOO as shown, 
Vss = 0 V, T A = 25°C 
(See Note 2) 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5 V 
VDO=10V 
VOO=15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Propagation 
Delay. 
225 
500 
90 
250 
75 
200 


CPn to 00, 
02'~' 
05 
or 06 
225 
500 
90 
250 
ns 
tpHL 
75 
200 


tPLH 
Propagation 
Delay. 
365 
1000 
130 
SOO 
100 
400 


CPn to 01 
or 03 
ns 
CL = SO pF 
tpHL 
365 
1000 
130 
SOO 
100 
400 
RL=200kn 
tTLH 
Output 
Transition 
70 
500 
40 
250 
30 
200 
Input Transition 
ns 
tTHL 
Times 
70 
SOO 
40 
250 
30 
200 
Times 
<; 20 ns 


TwCp 
Min Clock 
Pulse Width 
250 
125 
125 
65 
100 
SO 
ns· 


fMAX 
Input Count 
Frequency 
2 
4 
4 
8 
5 
10 
MHz 
(Note 
31 


NOTES: 
1. Additional 
DC characterlstlcs 
are listed In this section 
under 
"40008 
Serles CMOS Family Characteristics," 


2. 
Propagation 
Delays and Output 
Transition 
TImes are graphically 
described 
In this section 
under "40008 
Series CMOS Famllv 


Characteristics 
..• 


3. 
For fMAX Input rls. and fall times are greater than or equal to 5 01 and less than or equal to 20 ns. 


SWITCHING WAVEFORMS 
",-'wCP---., 
, 
\ 
" 
, 
j 


50% 
50% 
50" 
\50% 
j 
50% 


CPn 
J 


tpLH ...... 
tpHL ••• 


llfmax 
~ 


'150% 
\ 


Co. 02. 04. 05 or Oe 
J 
\50% 


01 or 03 
-'''"}- 


__ 
'M~ 


50" 


PROPAGATION 
DELAY, 
CP to Qn, MINIMUM 
CLOCK 
PULSE 
WIDTH 
AND 
MAXIMUM 
FREQUENCY 


• 


4731B/4731BX 
QUAD 64-81T STATIC SHIFT REGISTER 


DESCRIPTION 
- 
The 47318/4731 
ax 
is a Quad 64-8it 
Shift 
Register each with separate Serial Data 


Inputs 
lOA-DOl, 
Clock 
Inputs 
(CPA-CPO) 
and 
Data Outputs 
(Q63A-Q6301 
from 
the 64th 
register 
position. 


Information 
present on the Serial 
Data 
I nputs is shifted 
into the first register position 
and all the data 
in the register is shifted 
one position 
to the right on a HIGH-to·LOW 
transition 
of the Clock 
Inputs 


(CPA-CPol. 


FREQUENCIES 
UP TO 8 MHz AT VDO = 10 V 


• 
SERIAL-TO-SERIAL 
DATA 
TRANSFER 
• 
SEPARATE 
CLOCK 
INPUTS, 
DATA 
INPUTS 
AND 
FULLY 
BUFFERED 
OUTPUTS 
FOR EACH REGISTER 


• 
DIRECT 
INTERFACE 
TO TTL 


• 
14-PIN PACKAGE 


PIN NAMES 


°A-OO 


CPA-CPO 


0s3A-0s30 


LOGIC SYMBOL 


DA 


D6JA 
II 


10 
CPA 


12 


0638 


13 


Low impedance 
outputs 
are provided 
for direct 
interface 
to TTL. 
The 4731 B is specified 
to operate 
over a power 
supply 
voltage 
range of 4.5 
V to 12.5 
V. the 4731 ax is specified 
to operate 
over a power 


supply voltage range of 3 V to 15 V. 


Clock 
Input (H-L Edge-Triggered) 


Buffered 
Outputs 
from the 64th 
Register Position 


0<3 
@o{a)o{0o.(D 


VOO= Pin 14 


VSS = Pin 7 
o = Pin Number 


LIMITS 
---- 


SYMBOL 
PARAMETER 
VOO 
5V 
VOO - 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Qu,escent 
~ 
100 
200 
400 
MIN,25°C 
XC 
750 
uA 


Power 
1500 
3000 
MAX 
All inputs 
at 


100 
-- 
-- 
---- 
- 
-- 


Supply 
I XM 
25 
50 
100 
MIN,25"C 
o V or VOO 


uA 
Current 
750 
1500 
3000 
MAX 


LIMITS 


VOO=5V 
VOO=10V 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Voo 
= 15V 


MIN 
TYP 
MAX 


tPLH 


tPHL._ 


tTLH 


tTHL 


twCP. 


ts 


th 


CL = 50 pF 


RL = 200 k!1 


Input Transition 


Times 
~ 20 ns 


I CP Minimum 
Pulse Width 


Set-Up Time 0 to CP 


Hold Time 0 to CP 


NOTES 
1. 
Additional 
DC 
Characteristics 
are listed 
In this section 
uncO' 
4000B 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3 
For 
fMAX. 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 
20 
ns. 


4. 
It 
is 
recommended 
that 
inpllt 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be 
less than 
15 
IJ,s at 
VOO 
'" 5 V. 4jls 
at 
VOD 
= 10 
V. 
and 
3IJ.s 
at 


VOO 
15V. 


Ir--- 


I 
• 


&+I~&+D 


BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 


DESCRIPTION: 
The 4734B 
is a BCD·to·7 
Segment 
Latch/Decoder/Driver 
with 
Ripple 
Blanking. 
It 
has fou.':.-Address Inputs 
(AO·A3), 
an active 
LOW Latch 
Enable 
Input 
(ELI. an active 
LOW Blanking 
Input 
(lBl. 
an active 
LOW Lamp Test Input 
(lLT)' 
a Ripple 
Blanking 
Input 
(lRB)' 
a Ripple 
Blanking 
Output 
(ORB) and seven active HIGH 
NPN bipolar 
Segment Outputs 
(ail). 


When the Lamp Test ,Input 
(lLT) 
is LOW, all the Segment Outputs 
(ail) 
are HIGH; 
independent 
of all 
other 
input 
conditions. 
The 
Lamp~st 
Input 
(lLT) 
does not 
affect 
the 
R!Jple 
Blanking 
Output 
(ORB). 
With 
the 
Lamp Test Input 
(I LT) HIGH, 
a LOW on the Blanking 
Input 
(I B) ~ces 
the Segment 
Outputs 
(a-g) LOW; independent 
of all other 
input 
conditions. 
The Blanking 
Input 
(I B) does not affect 
the 
Ripple 
Blanking 
Output 
(ORB). 
The 
Ripple 
Blanking 
Output 
(ORB) 
is HIGH 
when 
the Ripple 
Blanking 
Input 
(lRB) 
is HIGH 
arid the latch contains 
binary 
zero. With 
the Lamp Test 
Input 
(lLT) 
HIGH, 
the display 
is blank when the Ripple 
Blank Output 
(ORB) is HIGH. 


When the 
Latch 
Enable 
Input 
(eL) 
is LOW, the state of the latch 
is determined 
by the data on the 
Address 
Inputs 
(AO·A3)' 
Whim the 
Latch 
Enable 
Input 
(EL) goes H!§.!:!, the last dat~resent 
at the 


Address 
Inputs 
(AO·A3) 
is stored 
in 
the 
latch. 
The 
Lamp 
Test 
(I LT)' 
Blanking 
(lB) 
and Ripple 
Blanking 
(lAB) 
inputs do not affect 
the latch circuit. 


• 
HIGH 
CURRENT 
SOURCING 
OUTPUTS 
(UP TO 25 mAl 


• 
BLANKING 
INPUT 
(ACTIVE 
LOW) 
• 
LAMP 
TEST INPUT 
(ACTIVE 
LOW) 
• 
LAMP 
INTENSITY 
MODULATION 
CAPABILITY 


• 
MULTIPLEXING 
CAPABILITY 
• 
RIPPLE 
BLANKING 
INPUT/OUTPUT 


PIN NAMES 


AO·A3 
EL 
Is 


Lamp Test Input 
(Active 
LOW) 


Ripple 
Blanking 
Input 


Ripple 
Blanking 
Output 


Segment 
Outputs 


Address (Data) 
Inputs 


Latch Enable Input 
(Active 
LOW) 


Blanking 
Input 
(Active 
LOW) 


INPUTS 
OUTPUTS 
DISPLAY 


A3 
A2 
A1 
AO 
a 
b 
c 
d 
e 
f 
g 


X 
'X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
8 


X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
BLANK 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 


L 
L 
L 
H 
L 
H 
H 
L 
L, 
L 
L 
1 


L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
2 


L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


L 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
4 


L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 


L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
6 


L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
8 


H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
9 


H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
BLANK 


H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
BLANK 


CONDITIONS: 
IT = LOW, IS = HIGH 
TLT = HIGH, 
and 
IRB = LOW 


LOW Level 


HIGH 
Level 


Don't 
Care 


VDD - Pin 18 


VSS - Pin 9 


DISPLAY 
= 


0123456789 


0"0 
I 


I 
I 
L 


t@ 
,@ 


PIN 
NUMBER 


PIN 
18 


PIN 
9 


LIMITS 
SYMBOL 
PARAMETER 
UNITS 
TEMP 
TEST CONOITIONS 
MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
3.5 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


VIL 
Input 
LOW Voltage 
. 1.5 
V 
All 
Guaranteed 
Input 
LOW Voltage 


XC 


or 
4.1 
4.57 
V 
25'C 
IOH < 1 "A 


XM 


4.24 
IOH=5mA 


3.60 
4.22 
IOH=10mA 


XC 
4.16 
V 
25'C 
IOH=15mA 


VOH 
Output 
HIGH 
Voltage 
2.BO 
4.12 
IOH =20mA 
Inputs at 0 V or VOO 


4.05 
IOH = 25 mA 
per the Truth 
Table 


4.24 
IOH = 5 mA 


3.90 
4.22 
IOH=10mA 


XM 
4.16 
V 
25'C 
IOH=15mA 


3.40 
4.12 
IOH=20mA 


4.05 
IOH = 25 mA 


0.05 
MIN,25'C 
IOL < 1 "A 
Inputs at 0 V or VOO 
V 
VOL 
Output 
LOW Voltage 
0.05 
MAX 
per the Truth 
Table 


0.5 
V 
All 
IOL < 1 "A 
Inputs at 1.5 or 3.5 V 


1 
MIN,25'C 
IOL 
Output 
LOW Current 
O.B 
mA 
VOUT 
= 0.4 V 
Inputs at 0 V or VOO 


0.4 
MAX 
per the Truth Table 


Quiescent 
20 
MIN,25'C 
XC 
Power 
150 
MAX 
All Inputs at 0 V or VOO 
100 
Supply 
5 
"A 
MIN,25'C 
and All Outputs 
Open 
XM 
Current 
150 
MAX 
• 


LIMITS 
SYMBOL 
PARAMETER 
UNITS 
TEMP 
TEST CONDITIONS 
MIN 
TYP 
MAX 


VIH 
Input HIGH Voltagp. 
7 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


VIL 
Input 
LOW Voltage 
3 
V 
All 
Guaranteed 
Input 
LOW Voltage 


XC 
or 
9.1 
9.58 
V 
25 C 
IOH --1 
~A 


XM 


9.26 
IOH - 5 mA 


8.75 
9.21 
IOH'10mA 


XC 
9.17 
V 
I 
25 C 
IOH'15mA 


VOH 
Output 
HIGH Voltage 
8.10 
9.14 
IOH'20mA 
Inputs at 0 V or VOO 


9.10 
IOH' 
25 mA 
per the Truth 
Table 


9.26 
IOH' 
5 mA 


9.00 
9.21 
IOH"10mA 


XM 
9.17 
V 
25 C 
IOH'15mA 


8.60 
9.14 
IOH'20mA 


9.10 
IOH - 25 mA 


0.05 
MIN. 25"C 
IOL 
/'1 
J,lA Inputs at 0 V or VOD 
V 


1I0L 
Output 
LOW Voltage 
0.05 
MAX 
per the Truth 
Table 


1 
V 
All 
IOL"" 
1 JJ.AInputs 
at 3ar 
7 V 


2.6 
MIN. 
-= 
I 


IOL 
Output 
LOW Current 
2 


I 


mA 
25 C 


Inputs at 0 V or VOO 


VOUT 
= 0.5 V 


1.2 
MAX 
' 
per the Truth 
Table 


.l.-- 
------ 
Quiescent 
40 
MIN.25 
C 


XC 


Power 
300 
MAX 
All Inputs at 0 V or VOO 
100 
- 
~A 
Supply 
10 
MIN.25 
C 
and all Outputs Open 


XM 


Current 
300 
MAX 


LIMITS 
TEST CONDITIONS 
SYMBOL 
PARAMETER 
UNITS 
TEMP 
MIN 
TYP 
MAX 


VIH 
Input 
HIGH 
Voltage 
11 
V 
All 
Guaranteed 
Input 
HIGH 
Voltage 


V,L 
I nput 
LOW Voltage 
4 
V 
All 
Guaranteed 
Input 
LOW Voltage 


XC 


or 
14.10 
14.59 
V. 
25°C 
'OH < 1!J.A 


XM 


14.27 
'OH=5mA 


13.75 
14.23 
IOH=10mA 


XC 
14.20 
V 
25°C 
'OH=15mA 


VOH 
Output 
HIGH 
Voltage 
13.10 
14.17 
IOH=20mA 
Inputs at 0 V or VDD 


14.13 
IOH=25mA 
per the Truth 
Table 


14.27 
'OH=5mA 


14 
14.23 
'OH 
= 10mA 


XM 
14.20 
V 
25°C 
'OH=15mA 


13.60 
14.17 
IOH = 20 mA 


14.13 
'OH - 25 mA 


0.05 
MIN,25°C 
'OL < 1 !J.A Inputs at 0 V or VDD 
V 
VOL 
Output 
LOW Voltage 
0.05 
MAX 
per the Logic Function 
or Truth 
Table 


2 
V 
All 
'OL < 1!J.A Inputsat40r 
11 V 


XC 
1 
Lead under test at 0 V or VOO 


IIN 
I nput Current 
!J.A 
All 
All other Inputs simultaneously 
XM 
1 
at 0 V or VDD 


7.5 
MIN,25°C 
Inputs at 0 V or VOO 
'OL 
Output 
LOW Current 
mA 
VOUT 
= 1.5 V 
4.5 
MAX 
per the Truth 
Table 


Quiescent 
BO 
MIN,25°C 
XC 
Power 
600 
MAX 
All 
Inputs at 0 V or VDD 
IDD 
!J.A 
MIN,25°C 
Supply 
20 
and all Outputs 
Open 
XM 
Current 
600 
MAX 
• 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
I UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
212 
90 
68 


I 


Propagation 
Delay. An to a ~ 9 
ns 


tPHL 
238 
88 
60 


tPLH 
Propagation 
Delay. I LT to a - 
9 
82 
38 
30 


ns 


tPHL 
85 
34 
24 


tPLH 
Propagation 
DelaY,18 
to a - 
9 


147 
60 
42 
ns 
tPHL 
164 
65 
46 


tPLH 
- 
230 
90 
63 
Propagation 
Delay. E L to a - 
9 
ns 
CL = 50 pF, 
tPHL 
275 
98 
66 


tPLH 
212 
90 
68 
RL = 200 k!! 


Propagation 
Delay. An to ORB 
ns 
Input Transition 


tPHL 
238 
88 
60 
Times ~ 20 ns 


tPLH 
147 
60 
42 
Propagation 
Delay. 
I ~ B fa OR B 
I 
ns 
tPHL 
164 
65 
46 


ITLH 
25 
18 
16 
Output 
Transition 
Time 
ns 


ITHL 
75 
26 
17 
- 


IwEL 
EL Minimum 
Pulse Width 
34 
14 
10 
ns 


Is 
Set-Up Time, An to EL 
20 
7 
4 


I 
Hold Time, An to EL 
19 
ns 
Ih 
6 
4 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


gT-UP 
AND 
HOLD 
TIMES, 
AN TO 


EL 
AND 
MINIMUM 
EL 
PULSE 


WIDTH 


~ '0 
E~i 


'0 


u 
30 


x"i' 
40 
~ 
~ 


SO 
~ 
0 
10 V 


NOTE: 


Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


70 
Voo 
3 v 
voo 
2 V 
Voo 
Voo 


VOH 
OUTPUT HIGH VOLTAGE 
VOLTS 
lVoo 
POWER SuPPLY VOLTAGEt 


EXCITATION 
(SQUARE 
WAVE, 


VSS TO VOOI • 


4735B/4735BX 
2048-81T (256 x 8) READ ONLY 
MEMORY WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 4735B/4735BX 
is a fully 
decoded 
204B-BIT 
Read Only 
Memory 
with 
3-State 
Outputs, 
organized 
as 256 
words 
by 8 bits. 
It has eight 
Address 
Inputs 
(AO-A7), 
an active 
LOW Chip 
Select Input 
(CS) and eight 3·State Data Outputs 
(aO-a71. 


The contents of the memory are mask programmed to the customer's specification. The customer may 
specify 
the desired 
ROM 
code on punched 
cards using the Data Card Format 
or the 4735B/4735BX 


CMOS ROM Customer 
Coding 
Form. 
both 
found 
at the end of this data sheet. 


Information 
is read from the memory 
location 
selected by the Address Inputs 
(AO-A7~hile 
the Chip 
Select 
Input 
is active 
(CS = LOW). 
When the Chip Select Input 
is in an inactive 
state (CS = HIGH), 
all 
Data Outputs 
(00-Q7) 
are held in a high impedance 
OFF state. This allows other 3-state outputs 
to 
be wired 
together 
in a bus arrangement. 
The 47358 
is specified 
to operate over a power supply 
voltage 
range of 4.5V 
to 
12.5V. 
The 4735BX 
is a specially 
selected device specified 
to operate over a power 


voltage 
range of 3V to 15V. 


• 
ORGANIZATION 
256 WORDS 
BY 
8 
BITS 
• 
3-ST A TE OUTPUTS 


• 
FULL 
ADDRESS 
DECODING 
ON CHIP 


• 
LOW POWER DISSIPATION 


PIN NAMES 


CS 
AO - 
A7 
00 - a7 


Chip Select Inputs 
(Active 
LOW) 


Address Inputs 
Data Outputs 


VOD 
'" Pin 24 


VSS 
'" Pin 
12 


NC 
= Pins 
18,19,21,22 
and 23 


MODE SELECTION 


INPUTS 
OUTPUTS 
MODE 


CS 
an 


H 
High Impedance 
Inhibit 


L 
Data Programmed 
Into Memory 
READ 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 
Dual In-llne Package, 


32 
l( 64 


ARRAY 


00 
01 
02 
03 
04 
Os 
06 
0] 
0@@@@@@@ 
• 
NC 
= 
Pins 18, 19,21,22 
and 23 


VOO 
= 
Pin 24 


VSS = 
Pin 12 


o = 
Pin Numbers 


r 


M 
'" 
._--==~:T~r 
TEMP 
TEST CONDITION 
SYMBOL 
PAf,AMETER 
VOO=5V 
VOO=10V 
VOO=15V 


-- 
~----- 
MIN 
TYP 
MA~ 
MI~2.Y! 
l"l~~ ~.2YP_~ 
i 


1.6 
IMIN,25'C 
• 
XC 
I Output 
Returned 
to VOD. 
Output 
OFF 
12 
I 
MAX 
_ 
IOZH 
~A 
~-25"C 
I CS = VOO, 
Current 
HIGH 
0.4 


XM 


12 
MAX 


-1.6 
MIN,25"C 
XC 
Output 
Returned 
to VSS. 
Output 
OFF 
-12 
i 
MAX 


CS = VOO, 
IOZL 
~A 


I MIN, 25"C 
Current 
LOW 
-0.4 
r 


M 
-12 
MAX 


Quiescent 
32.5 
65 
130 
. 
i MIN, 25"C 
XC 
~A 
Power 
250 
500 
'1000 
I 
MAX 


100 
-- 


8.75 
'MIN-~ 
All Inpuls 
at 0 V or VOO 
Supply 
17.5 
l 35 
XM 
I 
~A 
I 
' 


Current 
250 
500 
_ 
WOO 
I 
, 
MAX 
- 


I 
LIMITS 
! 
I 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS i 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYftMAX- 
--I-- 
-- 
- r--- 
-t 


tpLH 
Propagation 
Delay. 
300 
152 
118 


tpHL 
Address 
to Output 
290 
142 
107 I 
ns 


tpZH 
Enable 
Time 
55 
27 
22 
! 
ns 


tpZL 
Chip Select to Output 
47 
22 
17 
1 


tpHZ 
Disable Time, 
53 
32 
26 
I 
I 
ns 


tpLZ 
Chip Select to Output 
43 
27 
24 


tTLH 
49 
23 
15 
, 


Output 
Transition 
Time 
ns 


tTHL 
61 
21 
15 
, 


CL=50pF, 


RL=200k!! 


IRL = 1 k!! 
to VSSI 


IRL = 1 k!! 
to VOOI 


IRL = 1 k!! 
to VSSI 


IRL 
= 1 k!! 
to VOOI 


Input Transition 


Times ~ 20 ns 


NOTES: 


1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


]{-- -:r; 


tpHZ 
tpZH 


OUTPUT 
90"" 
HIGH 
Z 
~ 


, 
,,-"~'2.TATE 
10'",· 


4735B/4735BX 
DATA 
CARD FORMAT 
The most efficiel1l methoo of oroering the 4735B/4735BX 
is to punch the desired truth 
table on punched cards in the format 


described below. Fairchild 
will generate mask and test program data directly 
from these inputs. This eliminates the chance of 


error when transcribing 
inputs from a handwritten 
truth table. 


Data should be provided on a deck of 45 standard 80 column cards containing the following 
information. 


Column 
1-80 


. Content 
Customer Name, Drawing or Specification 
control 
number, date, "4735B/4735BX", 
"DC", 
"OM", 
"PC", 
"FC", 


or "FM". 


Column 
1-5 
Content 
Punch the 5-digit 
Fairchild 
SL number. This SL number is supplied by the factory 
through 
your Fairchild 
sales 


Iepresentative. 


Punch the 4·digit 
number which represents the total number of "LOW's" 
in the data pattern. (For verification 
of 


datal. 


Column 
1-5 


21-28 


32-39 


43-50 


54-61 


65-72 


Content 
Punch the numerals representing the "DECIMAL" 
address of the first word on that card. The words are entered 


sequentially 
(0 through 2551. 


Punch the desired combination 
of "HIGH's" 
and "LOW's" 
representing the output 
levels for outputs 07_ 06_ 05_ 
°4,°3,°2,°1 
and 00 
(in that orderl, 
for the first word on the card. "H" 
signifies a HIGH Yoltage on the data 


output 
line. "L" 
signifies a LOW voltage on the data output 
line. 


Punch the desired combination 
of "H"s 
and "L"s 
representing the output 
levels for the second word on the card, 


Punch the desired combination 
of "H"s 
and "L"s 
representing the output 
levels for the third word on the card. 


Punch the desired combination 
of "H"s 
and "L"s 
representing the output 
levels for the fourth 
word on the card. 


Punch the desired combination 
of "H"s 
and "L"s 
representing the output 
levels for the fifth 
word on the card. 


Punch the desired ~ombination 
of "H"s 
and "L"s 
representing the output 
levels for the sixth word on the card. 


00012 
LLHHLLLH 
LLHLHLLH 
LLLLLLLL 
LHLHLLHL 
LLHLHLLH 
LLLLLLLL 


08 


01~ 


50196 1~ 
"LOW" 
COUNT 
LSL NUMBER 


00000 
LLLHHLHL 
LLHLLLLL 
HHHHHHHH LLLLHLHH 
~---' 
'----r-' 
'---r---' 
~ 


WORD 0 
WORD 1 
WORD 2 
WORD 3 


00006 
HLHHLLLL 
LHHHHLLL 
HLHHLLLH 
LHHHLLLL 


LLLHHHHH 
LHLHHHLL 
e.......,---' 
e.......,----' 


WORD 4 
WORD 5 


HLHHLLLH 
HLLHLLLL 


I THIRD 
CARD 


I 


I 


I 


TRUTH...; 


TABLE! 
FIFTH 
CARD- 


I 
LLAST 
CARD 


• 


CUSTOMER 
CODING 
FORM 


The 
customer 
can also specify 
the desired 
ROM 
code by using the 4735B!4735BX 
Customer 
Coding 
Form 
(on the following 
pages) printed 
in 


the format below. 


WORD 
OUTPUTS 


01~ 


REMARKS 


NO. 
07 
°6 
°5 
°4 
°3 
°2 


a 
L 
L 
L 
H 
H 
L 
H I 
L 


1 
L 
L 
H 
L 
L 
L 
L 
L 


2 
H 
H 
H 
H 
H 
H 
H 
H 


+ 
+ 
+ 
+ 
t ! I ! t 
+ 
254 
L 
L 
L 
L 
L 
L 


255 
L 
L 
L 
L 
L 
L 
L 
i 
L 


4735B/4735BX 
ADDRESS 
SCHEME 


The 
256 decimal 
addresses are defined 
by their 
binary 
equivalent 
with 
A7 = MSB and AO = LSB as shown below. 
,. 


If 


BINARY 
ADDRESS 
INPUTS 


DECIMAL 
ADDRESS 
A7 
A6 
A5 
A4 
A3 
A2 
A, 
Ao 


a 
L 
L 
L 
L 
L 
L 
L 
L 
----- 


1 
L 
L 
L 
L 
L 
L 
L 
H 


2 
L 
L 
L 
L 
L 
L 
H 
L 
--- 


3 
L 
L 
L 
L 
L 
L 
H 
H 


• 
• 
• 
• 
• 
• 
• 
• 
• 
255 
H 
H 
H 
H 
H 
H 
H 
H 


10 
~ ----- 


11 


12 


13 


14 
---------- 


15 


16 


17 
18 


19 
-.-----2~~ 
__ 
l.-- 


21 


22 


23 
-~ 


24 


25 
---- 


26 


27 


28 


29 


_ 
30_ 
_ _-+_~+--- 


31 


32 
+- 


33 
. 
----L-_ 


34 
I 
I 
3S-'---r- 


36 


37 
38 


39 
I 
-4-0 ~-t- 
---- 


41 
-- 42 


43 


--4-4- 
I 


=='45 
f-=_1- 


46 


47 


48 
---~ 


49 


L-5_O 


I± -- 


• 


OUTPUTS 


°6 
°5 
°4 
°3 
°2 


REMARKS l 


51 


52 
~_ 


~~ 
= =--r 


55 
--+__ 


55 
I 
~---- 
-=1- 
-j- 
57 
-+-_ 


1__ 
5_8_~-- 
, - 
-f--- 


59 
60 
61 


62 


63 
64 


65 
66 


67 
68 
69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


79 


80 


81 


82 
83 


84 
85 
86 


87 
88 
89 


90 


91 
92 


93 


94 


95 
96 


97 


98 


99 


---+--- 


I 
r 


l=i=--r 
1-+--4-- 
II 


I 
I+----_ 


+----- 
--I 
j-+ 


i 
I 
I 


I 
I 
---- 
J- 


---l- 


--- ---;.-- 
I 


-t-' 
--~ 


-- 
I 
I 


I 
I 


WORo 
OUTPUTS 
REMARKS 
NO. 
°7 
Os 
°5 
°4 
°3 
°2 
°1 
00 


102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 


• 


WORD 
OUTPUTS 
REMARKS 


NO. 
°7 
°6 
°5 
°4 
°3 
°2 
°1 
°0 


153 


154 


155 


156 


157 


158 


159 


160 


161 


162 


163 


164 


165 


166 


167 


168 


169 


170 


171 
-- 


172 
j-- 
1-- 
- 
_. 


173 


174 


175 


176 


177 


I 
178 


179 
---i 


180 


181 


182 
I 


183 
. 
-l 
184 


185 
1 


186 
I 


187 


188 


"-- 
189 


190 


191 


192 


193 


194 


195 


196 


197 
I 


198 
----J 


199 


200 


201 


1---202 
~ 
- 
i 


203 


I~-- 


OUTPUTS 
REMARKS 


,_~~ 
07 
06 
05 
Q4 
Q3 
Q2 
Q1 
QO 


204 
. 
---' 
t 
:--~~J--- 


-- - 


207 
- 
- 
- 
- 


208 


209 
--+ 


210 
~-- 
-- 


211 


f 


212 


213 


214 
- 


215 


216 


l- 
217 


218 


I 
219 
I 
~220----r- 
r 


221 


~ 


, 


223 


224 


225 


226 


227 


228 


229 


230 


231 
I 


232 


233 


234 


235 


236 
r----- 


i 
237 
I 
238 
I 


I 
239 
,- 
240 
f---- 


~ 
241 


I- 
242 


J 
243 
~----- 
~- 
-- - 
L244 


245 
I 


246 


I 
247 
L 
-- 
rj: 
250 


, 
251 


252 


253 
I 


-254 
I 


255 


• 


4736B/4736BX 
1024-81T RANDOM ACCESS 
MEMORY WITH 3-STATE OUTPUTS 


DESCRIPTION 
- 
The 4736B/4736BX 
is a 1024-Bit, 
Random 
Access Memory, 
organized 
1024 words 


x 
1 bit, 
with 
3-state~utputs. 
It has a Data Input 
(0), 
ten ~ddress 
Inputs 
(AO-Ag), 
an active 
LOW 
Write 
Enable 
Input 
(WE), an active LOW Chip Select Input 
(CS), and one 3-State Data Output 
10j. 


Information 
on the Data Input 
(0) 
is written 
into the memory 
location 
selected by the Address Inputs 
IAO-Ag) 
when 
the 
Chip 
Select 
Input 
ICS) and the Write 
Enable 
Input 
IWE) are LOW. 
Under 
these 
conditions 
the 
Data Output 
(Q) is held 
in a high 
impedance 
OFF 
state. 
Information 
is read from 
the 
memory 
location 
selected 
by the Address Inputs 
(AO-Ag) while 
CS is LOW and WE is HIGH. 
When CS 
is HIGH 
the Data Output 
(0) is held in a high impedance OFF state. This allows other 3-$t8te outputs 
to 
be wired 
together 
in a bus arrangement. 
The 4736B/473GBX' 
offers 
fully 
static operation. 
The 
4736B 
is specified 
to 
operate 
over a Power 
Supply 
Voltage 
Range of 
5 ± 0.5 
V. The 
4736BX 
is 
specified to operate over a Power Supply Voltage Range of 4.5 V to 12.5 V. 


• 
TYPICAL 
HOLDING 
VOLTAGE 
OF 1.5 V 


• 
3-STATE 
OUTPUTS 


• 
ORGANIZATION 
- 
1024 WORDS x 1 BIT 


• 
ON-<:HIP DECODING 


• 
FULLY 
STATIC 
OPERATION 
• 
LOW POWER DISSIPATION 


• 
HIGH 
SPEED 
• 
CHIP SELECT 
INPUT 
FOR EASY MEMORY 
EXPANSION 


PIN NAMES 


CS 


Ao-Ag 


WE 
o 


Q 


Chip Select IActive 
LOW) Input 


Address Inputs 


Write 
Enable IActive 
LOW) Input 


Data Input 
Data Output 


H: 
HIGH 
Level 


L = LOW Level 


X = Don't Care 


INPUTS 
OUTPUT 


MODE 


CS 
WE 
Q 


H 
x 
High Impeda nee 
Inhibit 


L 
L 
High Impedanee 
Write 


L 
H 
Data Written 
Into 
Memory 
Read 


LOGIC 
SYMBOL 
" 
6 
6 


'0 
cs 
\',~ 


'':,1 


'';> 


'\J 
", 
47)68 


,\" 


'" 


",1" 


". 
il 
"\:~ 


'\u 


\ ill) - 


i'l ~ In 
- V •••" 
: 
1'1\ 
H 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual In-line Package. 


Voo 
• 


VSS 
o 


'PIN 
16 


PIN 
8 


PIN NUMBER 


------ 
._-~-- 


U~MP 


LIMITS 
----_. 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD=10V 
VDD = 12.5 V 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1~ 


I MIN,25'C 
XC 
OutpuIOFF 
12 
MAX 
Output 
Returned 


IOZH 
- 
- 
~A 
I MIN, 25 C 
to VDD, Cs = VDD 
Current 
HIGH 
0.4 
XM 


12 
MAX 


-1.6 
I MIN, 25 C 
XC 
I 
MAX 
I 
Output 
OFF 
- 12 
Output 
Returned 


IOZL 
Current 
LOW 
~A 
~Ci 
- 
-0.4 
to VSS, CS = VDD 
XM 
- 12 
I 
MAX 
I 


Quiescent 
32.5 
65 
130 
MIN,25 
C 
CS = VDD 
XC 
Power 
250 
500 
1000 
MAX 
All 
inputs 
at 
IDD 
Supply 
8.75 
17.5 
35 ! 


~A 
MIN,25 
C 
o V or VDD 
XM 


I Current 
250 
500 
1000 
I 
MAX 
I 
I 


LIMITS 


SYMBOL 
PARAMETER 
VDD = 5 V 
VDD = 10 V 
VDD = 12.5 V__ 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
I MAX 


! 


- 


READ MODE 
CL =50pF, 


Propagation 
Delay. 
500 
320 
260 
I RL=200k!! 
tpLH 
Input Transition 


I 260 
ns 
tPHL 
Address 
to Output 
500 
320 
I Times' 
20 ns 


tPZH 
Enable Time, CS to Output 
150 
70 
I 
50 
ns 
I 
IAL 
= 1 k!! 
to VSS) 


tpZL 


f- 


150 
70 
' 
50 
_j 
IRL = 1 kU 
10 VDD) 
- 
t50-- 


tpHZ 
- 
150 
70 


Disable Time, 
CS to Output 
I 


ns 
IAL 
= 1 kU 
10 VSS) 


tPLZ 
150 
70 


, 
50 
IRL = 1 k!! 
to VDD) 


tTLH 
75 
35 
25 
~s-' 
Output 
Transition 
Time 
ITHL 
75 
35 
25 
----+----1 


WRITE 
MODE 


I 
tPZH 
Enable Time, WE to Output 
150 
70 
50 
IRL = 1 kU 
10 VSS) 


150 
70 
-~ 


; 
nsJ 
IAL 
= 1 k!! 
10 VDOI 
IPZL 
-+-- 


tpHZ 


Disable 
Time, WE to Output 
150 
70 
50 
IRL = 1 k!! 
to VSS) 


150 
70 
I 


ns 
IRL 
= 1 U! 
to VDD) 
tPLZ 
50 


- 
Minimum 
WE Pulse Width 
_t8~ 
__ W 
twWE 
180 
100 


ts 
Set-Up Time, 
On to WE 
150 
120 
I 115 
I 
ns 
th 
Hold Time, On to WE 
40 
20 
15 
-+-------t 


ts 
Set-Up 
Time, 
Address 
to WE 
150 
120 
115 


Hold Time, Address to WE 
40 
I 


ns 


I 
th 
20 
15 


Is 
Set-Up T;me, CS to WE 
150 
120 
115 
I 


Hold T;me, Cs to WE 
40 
20 
-l 
ns 
th 
15 
---- 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


• 


MINIMUM 
WE PULSE WIDTH 
AND 
SET·UP AND 
HOLD 
TIMES. 
On TO WE. An TO WE. AND Cs TO WE 


47378 
7-STAGE COUNTER 


DESCRIPTION 
- The 47378 
Is a 7-5tage Frequency 
Counter 
especially useful for frequency 
synthesis 
in musical applications. 
The device is designed to generate. 
from a primary chromatic 
scale, each of the 
twe.ve flats, sharps. and naturals comprising each chromatic seate of the seven additions' 
octaves in the 
musica. spectrum. 
Tweh/e 47378 devices are required to generate the entire musical spectrum from a 
primary scale. 


The 47378 
consists 
of one 3-81t Counter, 
with a Clock Input 
(CPO) and Parallel Output 
(00 -Q2) 
available, 
one 2-Bit Counter_with 
a Clock 
Input 
(CP3) and Parallel Outputs 
(Q3-~) 
available, 
and 
two 1-81t Counters, 
also with Clock Inputs (CPs and CP6) and Parallel Outputs 
(QS and Osl available. 
Each counter 
advances on a LOW-to-HIGH transition 
at the appropriate 
Clock Input. 


• 
REPEATS A PRIMARY 
MUSICAL NOTE OR HALF NOTE IN SEVEN OCTAVES 
• 
CLOCK INPUT EDGE- TRIGGERED 
ON THE LOW-TO-HIGH TRANSITION 
• 
BUFFERED 
OUTPUTS AVAILABLE 
FROM ALL SEVEN STAGES 


PIN NAMES 
CPO' CP3, CPS' CP6 
Co-Os 
Clock Inputs (L -+H Triggered) 
Parallel Outputs 


NOTE: 
The Platpak 
version has the same pin- 
outs 
(Connection 
Diagram) •• 
the 
Dual 
In-Line 
Package. 


NC· 
PIN 7 
VOD "' PIN 1 


VSS·PINS 


0"' 
PIN 
NUMBERS 


OC CHARACTERISTICS: 
VOO 
a!" shown, 
VSS '" 0 V (See Note 
1) 


LIMITS 


SYMBOL 
PARAMETER 
VOD ~ 5 V 
VDD ~ 10 V 
VDD~15V 
UNITS 
TEMP 
TEST CONDITIONS 


"MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
- 


MIN 
VOUT 
~ 4.5 V for VDD ~ 
5V 


I 


-03 
-0.84 
-1.8 
25'C 
VOUT 
~ 9.5 V for VDD ~ 10 V 
Output 
HIGH 


'OH 
-0.25 
-0.7 
-1.5 
mA 
VOUT 
~ 13.5Vfor 
VDD = 15 V 
ICu"ent 
MAX 
-0.2 
-0.56 
-1.1 
Inputs at VSS or VOO per the 


I 
Logic Function 
or Truth 
Table 


I 
MIN 
VOUT 
= 0.4 V for VOD = 5V 


I 


lOutput 
LOW 


0.64 
1.6 
4.2 
VOUT 
= 0.5 V for VDD = 10 V 
25'C 


'OL 
0.51 
1.3 
3.4 
mA 
VOUT 
= 1.5 V for VDD = 15 V 


Current 
MAX 


0.36 
0.9 
2.4 
Inputs 
at VSS or VOO 
per the 


---t Quiescent 


Logic Function 
or Truth Table 


I 
20 
40 
80 
MIN,25'C 
I XC 
"A 
Power 
150 
300 
600 
MAX 


'DD 
ISupply 
5 
10 
20 
MIN,25'C 
All Inputs at VDD or VSS 


I 
ICurrent 
i XM 
150 
"A 
300 
600 
MAX 


I 
- 


! 
AC CHARACTERISTICS 
AND SET· UP REQUIREMENTS: 
VDD as shown, VSS = 0 V, TA = 25'C 
(See Note 2) 


I 


=r-PARAMET-~R 


LIMITS 


i 
VDD = 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


I 
tPLH 
I P,opagat,on 
Delay, 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


225 
500 
90 
250 
75 
200 
! 
ns 


tPHL 
CPn to 03, 
05, 0' 06 
225 
500 
90 
250 
75 
200 


tPLH 
Propagation Delay. 
365 
1000 
130 
500 
100 
400 
CL = 50 pF 


CPn to 0, 
0' 04 
ns 


tPHL 
365 
1000 
130 
500 
100 
400 
RL=200kn 


tTLH 
70 
500 
40 
250 
30 
200 
Input Transition 


I 


Output 
Transition 
T,mes 
ns 


tTHL 
70 
500 
40 
250 
30 
200 
Times'" 
20 ns 


twCP 
Minimum 
Ctock Pulse Width 
250 
125 
125 
65 
100 
50 
ns 


'MAX 
Input Count Frequency (Note 3) 
2 
4 
4 
8 
5 
10 
MHz 
I 


I 


f'\IOTES 
, 
AdditlQr,al 
DC Charactenstics 
are listed 
in thiS 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
PropagatIon 
Delays 
and Output 
1 ranSI·ion 
Times 
are graphically 
described 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


I 


3. 
For 
fMAX. 
mput 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and less than 
or equal 
to 20 os. 


I 


SWITCHING 
WAVEFORMS 


,.••cP 


i 


1/ 
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'" 
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~ 
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47418 
4 x 4 CROSSPOINT SWITCH 


DESCRIPTION 
- 
The 4741 B is a 4 X 4 CrossPoint 
Switch 
consisting 
of a 16-BIt 
Addressable 
Latch 
and 
16 
independent 
bi-dlrectlonal 
ana.og 
switches 
arranged 
in a four 
by 
four 
matrix 
such 
that 
any 
analog switch or any combination 
of analog switches may be ON or OF F at anyone 
time providing 
a multitude 
of anatog 
Input/output 
switching 
combinations. 


The device has four 
Address 
Inputs 
IAO-A31, 
a Data Input 
101, an Enable 
Input 
IE) and eight 
inde- 
pendent 
analog 
input/Outputs 
IYO-Y3 
and ZO-Z31. 
When the Enable Input 
IE) is HIGH, 
the selected 
Output 
(00-Q'5) 
of 
the 16-Bit 
Addressable 
Latch 
ldetermined 
by the Address 
inputs, 
AO-A31 
fol- 
lows the 
Data 
Input 
(0) 
thus turning 
the selected analog switch 
ON or OFF. With the Data Input 
(D) 
HIGH, 
anyone 
of the 
16 analog switches 
may be individually 
turned 
ON by first 
applying 
the appro- 
priate 
Address 
Inputs 
(AO-A3) 
and then taking 
the 
Enable 
Input 
tE) HIGH. 
With the Data Input 
(D) 
LOW, 
anyone 
of the 
16 
switches 
may 
be indlvidualty 
turned 
OFF 
by 
first 
applying 
the 
appropriate 
Address 
inputs 
(AO-A3) 
and 
then 
taking 
the 
Enable 
input 
tE) 
HIGH. 
The 
Enable 
Input 
IE) 
may 
remain 
HIGH 
as long 
as the 
Address 
Inputs 
(AO-A31 
are stabte. 
However, 
to prevent 
erroneous 
switch 
selection 
the 
Enable 
Input 
IE) 
must 
be LOW whenever 
the 
Address 
inputs 
IAo-A3) 
are changed. 


Although 
only one switch 
ata time may be turned 
ON or OFF, 
any number 
or combination 
of switches 
may be ON or OF F at anyone 
time. 


AO 
A,A, 
AJ 
47418 


VDD 
= Pin 16 
VSS·Pin8 


• 
LOW ON RESISTANCE- 
TYPICALL 
Y 85ll. at VDD = 10V 


• 
ON-CHIP 
ADDRESS 
DECODER 
AND 
CONTROL 
LATCHES 
• 
INPUT 
SIGNAL 
FREQUENCIES 
UP TO 10 MHz 


• 
ANALOG 
OR DIGITAL 
CROSSPOINT 
SWITCH 
• 


PIN NAMES 
YO-Y3 
ZO-Z3 
AO-A3 
o 


E 


Analog 
Input/Outputs 


Analog 
Input/Outputs 


Address 
Inputs 


Data 
Input 


Enable Input 


NOTE, 
The 
Flatpak 
version 
has 
the 
same 
pInouts 
(Connection 
Diagram) as the 
Dual 
I n-Llne 
Package. 


INPUTS 
CHANNELS 


E 
A3 
A2 
A1 
AO 0 YO-ZO YO-Z1 
YO-Z2 
YO-Z3 
Y1-Z0 
Y,-Z, 
Y1-Z2 
Y1-Z3 
Y2-Z0 
Y2-Z1 
Y2-Z2 
Y2-Z3 
Y3-Z0 
Y3-Z, 
Y3-Z2 
Y3-Z3 


L 
X 
X 
X 
X 
X 
NC 
~ 


H 
L 
L 
L 
L 
L 
OFF 
NC 


H 
L 
L 
L 
L 
H 
ON 
NC 
~ 


H 
L 
L 
L 
H 
L 
NC 
OFF 
NC 


H 
L 
L 
L 
H 
H 
NC 
ON 
NC 
~ 


H 
L 
L 
H 
L 
L 
NC- 


OFF 
NC 


H 
L 
L 
H 
L 
H 
NC- 


ON 
NC 


H 
L 
L 
H 
H 
L 
NC 
OFF 
NC 


H 
L 
L 
H 
H 
H 
NC 
ON 
NC 
• • • • • • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • • • • • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • • • • • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • • • • • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
H 
H 
H 
H 
H 
L 
NC 
OFF 


H 
H 
H 
H 
H 
H 
NC 
ON 


°0 
0, 


0, 


0, 


0. 
.. 
.. 
0, 


A, 
A, 
"" 
A, 
A, 
16-BIT 
0, 
ADDRESSABLE 
A, 
" 
lATCH 
0, 


0 
0, 


0" 


0" 


0" 


0" 


0•• 


0" 


Voo·P,n16 


VOO·P,n 
16 


VSS·P,n8 


-P,nN,,_ 
TG·T ••••••••,_CM'" 


400148/74CI4/S4CI4 


HEX SCHMID 
TRIGGER 


DESCRIPTION 
- 
The 
400148 
is a generat 
purpose 
Hex 
Schmitt 
Trigger 
offering 
positive 
and 
nega- 


tive 
threshotd 
voltages, 
VT+ 
and VT 
. which 
show very 
low 
variation 
with 
temperature 
(typically 


O.OOOSV/oC 
at 
Vnn 
~ lOV) 
and 
guaranteed 
hysteresis, 
VT+ 
to 
VT_ 
~O.2 
VOl)- 
Outputs 
are 
fully 


buffered 
for hIghest 
nOise Immunity. 
The 400148 
IS a direct replacement 
for the 74C14/54C14. 


NOTE, 
The 
flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


dual 
in-line 
package. 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VT+ 


Positive-Going 


3 
3.6 
4.3 
6 
6.8 
8.6 
9 
10 
12.9 
V 
All 
VIN = VSS to VOO 


Threshold 
Volta~e 


~Negat;ve.Go;ng 
0.7 
1.4 
2 
1.4 
3.2 
4 
2.1 
5 
6 
V 
All 
VIN = VOO to VSS 
Threshold 
Voltage 


VT+ 
to 
2.2 
3.6 
2 
3.6 
7.2 
3 
5 
10.8 
Guaranteed 
Hysteresis 
= 
Hysteresis 
1 
V 
All 
VT_ 
VT + Minus 
VT_ 


Quiescent 
1 
2 
4 
MIN,25°C 


XC 
~A 
Power 
7.5 
15 
30 
MAX 
100 


Supply 
0.25 
0.5 
1 
MIN,25°C 


All Inputs at 0 V or VOO 


XM 
~A 


Current 
7.5 
15 
30 
MAX 
• 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
= 5 V 
VOO= 
10V 
VOO=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(See Note 2) 


1PLH 
90 
200 
42 
100 
35 
80 
CL=50pF, 


Propagation 
Delay 
90 
200 
42 
100 
35 
80 
ns 


'PHL 
RL=200kn 


'TLH 
70 
135 
30 
75 
22 
45 
Input Transition 
Output-Transition 
Time 
ns 
'THL 
70 
135 
30 
75 
22 
45 
Times'" 
20 ns 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in th is section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
TImes 
are graphically 
described 
in this section 
under 
40008 
Series CMOS 
Family 
Characteristics. 


VT.-6_8V 


VT_- 
J.2V 


Voo-SY 


I 


YT- 
-1.4 
V 
I 


VT• 
-J.GV 


R 


.~.o"' 


cJ 
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VIN 
vs 


I 


VDD=tftfl 
- 
12- 


'1- 
VSS 


VT+ 


., 
~ RCLn 
1--1 
VT_ 


RCLn 
I VOO - 
VT_1 
t2 ~ 
VOO-VT+ 


f "" 
' 
RC Ln [VT+ IVOO - VT_I J 


VT_(VOO-VT+I 


400858/74C85/54C85 
4-81T 
MAGNITUDE 
COMPARATOR 


DESCRIPTION 
- 
The 
40085B 
is a 4-Bit 
Magnitude 
Comparator 
which 
compares two 
4-bit 
words 


(A, 
B). each word 
having four Parallel 
Inputs 
(AO-A3,BO·B3); 
A3,B3 
being the most significant 
inputs. 


Operation 
is not restricted 
to binary 
codes. the device will 
work 
with any monotonic 
code. Three 
Outputs 
are provided: 
"A 
greater than 
B" 
(OA>B). 
"A 
less than 
B" 
(OA<B). 
"A 
equal to B" 


(OA=BL 
Three 
Expander 
Inputs, 
IA>B. 
IA<B. 
IA=B. 
allow 
cascading 
without 
external 
gates. 
For 
proper 
compare 
operation 
the 
Expander 
I nputs 
to the 
least significant 
position 
must be connected 
as 
fOllows: 
IA<B 
= IA>B 
= L. IA=B = H. For serial (ripple) 
expansion. 
the 0A>B. 
0A<B 
and 0A=8 
Outputs 
are connected 
respectively 
to the 
IA>B. 
IA<B, 
and IA=B 
inputs of the next 
most significant 
comparator, 
as shown 
in Figure 
1. Refer 
to Applications 
section 
of data sheet for high speed method 
of comparing 
large words. 


The 
Truth 
Table 
on the 
following 
page describes 
the operation 
of the 400858 
under all possible logic 
conditions. 
The 
upper 
11 lines describe 
the normal 
operation 
under all conditions 
that will occur in a 
single 
device 
or 
in a series 
expansion 
scheme. 
The 
lower 
five 
lines describe 
the 
operation 
under 
abnormal 
conditions 
on the 
cascading 
inputs. 
These 
conditions 
occur 
when 
the 
parallel 
expansion 
technique 
is used. 


• 
EASI LY EXPANDABLE 
• 
BINARY 
OR BCD COMPARISON 
• 
0A>B. 
0A<B. 
AND 0A=B 
OUTPUTS AVAILABLE 


PIN NAMES 


AO-A3 


BO-B3 


IA>B. 
IA<B. 
IA=B 


°A>B 
°A<B 
°A=B 


A,~ 


CD 
", 


Word 
A Parallel 
I npu ts 


Word 
8 Parallel 
Inputs 


Expander 
Inputs 


A Greater 
than 
8 Output 


A Less than 
8 Output 
A Equal to B Output 


Voo;; 
Pin 16 


VSS 
:Ie Pin 
8 


a .. Pin Number 


NOTE: 
The 
F latpek 
ver$ion 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Duel 
In-line 
Package. 


• 


COMPARING 
INPUTS 
CASCADING 
OUTPUTS 
INPUTS 


A3.B3 
A2.B2 
A1.B1 
AO.BO 
IA>B 
IA ....... 
B 
IA=B 
°A>B 
°A<B 
°A=B 


A3··B3 
X 
X 
X 
X 
X 
X 
H 
L 
L 


A3' 
B3 
X 
X 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
AFB2 
X 
X 
X 
X 
X 
H 
L 
L 


A3=B3 
A2' 
B2 
X 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
A2=B2 
Al>Bl 
X 
X 
X 
X 
H 
L 
L 


A3=B3 
A2=B2 
Al,Bl 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
AyB2 
Al=B1 
AO>BO 
X 
X 
X 
H 
L 
L 
,. 


A3=B3 
A2=B2 
Al=B1 
AO<.BO 
X 
X 
X 
L 
H 
L 


A3=B3 
A2=B2 
A1=B1 
AO=BO 
H 
L 
L 
H 
L 
L 


A3=B3 
A2=B2 
Al=B1 
AO=BO 
L 
H 
L 
L 
H 
L 


A3=B3 
A2=B2 
A1=B1 
AO=BO 
L 
L 
H 
L 
L 
H 


A3=B3 
A2=B2 
A1=Bl 
AO=BO 
L 
H 
H 
L 
H 
H 


A3=B3 
A2=B2 
A1=B1 
AO=BO 
H 
L 
H 
H 
L 
H 


A3=B3 
A2=B2 
Al=B1 
AO=BO 
H 
H 
H 
H 
H 
H 


A3=B3 
A2=B2 
Al=Bl 
AO=BO 
H 
H 
L 
H 
H 
L 


A3=B3 
A2=B2 
Al=B1 
AO=BO 
L 
L 
L 
L 
L 
L 


H 
HIGH 
Level 


L 
LOW 
Level 


X 
Don't 
Care 


LIMITS 


SYMBOL 
PARAMETER 
VOO 
- 5 V 
VOO - 10 V 
VOO=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
BO 
MIN,25°C 


XC 
itA 
Power 
150 
300 
600 
MAX 
All inputs 
at 
100 
Supply 
5 
10 
20 
MIN,25°C 
o Vcr 
VOO 
XM 
itA 


Current 
150 
300 
600 
MAX 


-- 


LIMITS 


SYMBOL 
PARAMETER 
VOO - 5 V 
VOO=10V 
VOO = 15V 
UNITS 
TEST 
CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpLH 
Propagation Delay. 
180 
335 
70 
140 
50 
112 
ns 
'PHL 
An 
or 
Sn 
to any 
Output 
180 
335 
70 
140 
50 
112 
CL = 50 pF, 


'pLH 
Propagation 
Delay. 
135 
275 
55 
120 
40 
96 
RL =200 
kn 


ns 


'PHL 
Any 
I to any 
Output 
135 
275 
55 
120 
40 
96 
Input Transition 


tTLH 
60 
135 
30 
70 
20 
45 
Times <;: 20 ns 


Output 
TransitIon Time 
ns 
'THL 
60 
135 
30 
70 
20 
45 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
FamilV 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40006 
Series 
CMOS 
Family 
Characteristics. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
VERSUS 
FREQUENCY 
1000 


T~ "251C I! II 
Iii 
I 
1 
I -4 
~ 
II: 
II 
Iii' 
';1 


E 
100 
I!I 
i 111 
1 
.,~~ 
, 
I' 


'~ 
:> 
I;:: 
: i ",,0 , 
, 
,I 


~ 


10 


1111 
" ~JJ 
~ 


I 


<r 
10 i 


'I 


z 
I 
, 


0 


10-1 
~,,-t 
;: 
",< 
~ 
~l':,' 


Bi 
"00 
0 
10-2 
III 


<r 
& 


~ 


10-3t 
~ 
, Iii 
I : 


Ii' 
",- 


II 


__ 
C, 
15pF 


10-4 


--CL 
50 pF 


102 
103 
104 
105 
lOG 
10' 


INPUT 
FREQUENCY 
- 
Hz 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


An OR Bn TO On' 
In TO On 


VERSUS 
TEMPERATURE 
VERSUS 
TEMPERATURE 


220 
CL 
to 15~F 
I 


200 


....• 
CL'" 
15 pF 


C 200 
I 
1,,,"..--- 
.....- 
180 


, 
~ 
6'80 
, ••",yO 
I 160 


:1:: 160 f-- - p~' 
c5 
.~ 
..- 


....• 
~ 
140 


\9~~ 
a:: 
140 ,,, 
~. 120 - - 
~~\-y. 
0 


4,C: 120 
~ 
-- 
>' 
~ 
lOa 


~ 
100 


0 
z 
80 
0 
0 
80 
'PLI-'- tPH~O\J 


;: 
z 
~ 
\/00'" 
10\1 
0 
" 
GO 
~ 
60 


1 


_ - 
tpLH. 'pHL. \100 '" 15 V 
~ 
tPLH,tp\o-IL' 
" 
~ 


40 
_ 
'PHl- "DO" 
1S V 
~ 40 


1 
_ 
'pU" 


~ 
I 
20 
20 
I 
I 
0 
r 
0 


·60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 
·60 
·40 
·20 
0 
20 
40 
60 
80 
100 
120 
140 


TA - 
AMBIENT 
TEMPEAATURE 
- 
C 
TA 
- 
AMBIENT 
TEMPERATURE 
- 
C 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 


An OR Bn TO On VERSUS 
In TO On VERSUS 


LOAD 
CAPACITANCE 
LOAD 
CAPACITANCE 


300 
100 


TA" 
2S"C 
TA 
25 C 


, 
~oo'''~ 
l- 
<250 
C 250 
0 
t\"\.."'·'"c;\l~ 
l- 
~ 


, 


••",\-~0r:::- 
0 


CD 200 
~ 
200 
~ 


<r 
~ ~ 
'00 
0 
w\"\\..' 
OJ\!- 
J 
,: 


--- 
~\_H·\I00·1 
>- 150 
~ 
~ 


~ 
150 .-~ 
I 
1 
0 


0 
'PU",: "00 ~10 ~ 
z 
_Jv- 
~ 
100 
0 


'pHL "00" ,ov 
~ 
100 
;: 
" 


\f'LH.VDO~ 
~" 
~ 
~ 
-10V- 
~ 
50 
'pu'" "00" 
~5V 
~ 
'pH\..- "00- 


~ 
~ 
50 


I 
_ 15"_ I-- 
v 
- 15\11 
1 


1 
'fH\-' VYO'I 
- 
'P'IH.'PHi 0°\' 
I 
\ 
0 
0 
20 
40 
60 
80 
100 
120 
140 
160 
20 
40 
60 
80 
100 
120 
140 
160 


CL - 
LOAD CAPACITANCE 
- 
pF 
C, 
LOAD CAPACITANCE 
-jlF 


• 


WORD 
LENGTH 
NUMBER 
OF PKGS. 


1-4 Bits 
1 


5-24 Bits 
2-6 


25-120 Bits 
8 - 31 


NOTE, 
The 
F4Q085 
can 
be used 
as a 5·bit 
comparator 


only 
when 
the 
outputs 
are 
used 
to 
drive 
the 


AO-A3 
and 
BO-B3 inputs 
of 
another 
40085B 


as 
shown 
in 
Figure 
2 
in 
positions 
.::tl. 
2,3, 


and 
4. 


"0 
A, 
S} 
83 
tA,s 
°A 
-8 


} 
OUTPUTS 
IA 
B 
400856 
°A 
B 
~6 


'A' 
°A 
8 


MSB 
== Most 
Significant 
Bit 


LSB 
:= Least Significant 
Bit 


L 
== LOW Level 


H 
=: HIGH 
Level 
NC 
== No Connection 


400978-400988 
3-STATE 
HEX NON-INVERTING 
AND 
INVERTING 
BUFFERS 


DESCRIPTION 
- 
These two 
CMOS buffers 
provide 
high current 
output 
capability 
suitable for driving 
high capacitance 
loads. The 400978 
is a Non-Inverting 
CMOS 
Buffer 
with 
3-state outputs 
and the 
400988 
is an Inverting 
CMOS Buffer 
with 
3-state outputs. 
The 3-5tate outputs 
of each device are 


controlled 
by two 
Enable Inputs (E04. E021. A HIGH 
on Enable Input "E04 causes the Outputs 
of 
four 
of 
the six 
buffer 
elements 
to assume a high impedance 
or OF F state, regardless of other 
input 


conditions 
and a HIGH 
on Enable Input 
E02 causes the Outputs 
of the remaining 
two buffer 
elements 
to assume 
a high impedance 
or OFF 
state. 
regardless 
of other 
input 
conditions. 


• 
3-STATE 
OUTPUTS 
• 
TTL 
COMPATI8LE 
-- FAN OUT OF ONE TTL 
LOAD 
• 
ACTIVE 
LOW 
ENA8LE 
INPUTS 


PIN 
NAMES 


lA-6A 


E04. E02 
lX-6X 


Buffer 
Inputs 


Enable Inputs 
(Active 
LOW) 


8uffer 
Outputs 
IActive 
HIGH for the 400978 
and Active 
LOW for the 4009881 
NOTE: 


The 
F latpak 
version 
has 
the 
same 


pinouts 
(Connection 
Diagram) 
as the 


Dual 
In·line 
Package. 


400978 
LOGIC 
DIAGRAM 
400988 
LOGIC 
DIAGRAM 


lA 
lA 
3 
2 


2A 
2A 
4 
4 


3A 
6 
3A 


6 


• 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO=15V 
UNITS 
TEMP 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOUT 
= 4.5 V for VOO = 5 V 


Output 
HIGH 
-1.0 
-2.0 
-3.2 
MIN,25°C 
VOUT 
= 9.5 V for VOO = 10 V 


IOH 
mA 
VOUT 
= 14.5 V for VOO = 15 V 


Current 
-0.7 
-1.4 
-2.2 
MAX 
Inputs at VSS or VOO 


Per Logic Function 


VOUT 
= 0.4 V for VOO = 5 V 


Output 
LOW 
2.5 
6.25 
'1.25 
MIN,25°C 
VOUT 
= 0.5 V for VOO = 10 V 


IOL 
mA 
VOUT = 0.5 V for VOO = 15 V 
Current 
1.8 
4.5 
8.25 
MAX 
Inputs at VSS or VOO 


Per Logic Function 


1.6 
MIN,25°C 


XC 
Output 
OFF 
12 
MAX 
Output Returned to VOD. 


IOZH 
~A 
MIN,25°C 
EOn = VOO 
I Current 
HIGH 
0.4 


-t::F 


XM 


12 
MAX 


-1.6 
MIN,25°C 


XC 


-12 
MAX 
Output Returned to VSS. 
IOZL 
I Current 
LOW 
-0.4 
~A 
MIN,25°C 
EOn = VOO 


--+ouiescent 


XM 
-12 
MAX 


4 
8 
16 
MIN,25°C 


XC 


I:ower 
30 
60 
120 
MAX 


100 


Supply 
1 
2 
4 
~A 
MIN,25°C 
All 
Inputs at 0 V or VOO 


XM 


Current 
30 
60 
120 
MAX 


-- 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VOO=10V 
VOO= 
15V 
UNITS 
TEST CONOITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
~I 
Propagat,on 
Oelay, 
65 
100 
25 
40 
20 
32 
CL=50pF, 
ns 
80 
100 
28 
40 
20 
32 
RL = 200 kn 
tPH L 
Data 
to Output 


tpZH 
I 
70 
110 
35 
55 
29 
44 
(RL = 1 kn to VSS) 


Output Enable Time 
ns 


tpZL 
95 
150 
40 
65 
30 
52 
(RL = 1 kn to VOO) 


tPHZ 
40 
65 
31 
55 
29 
44 
(RL = 1 kn to VSS) 


Output 
Disable Time 
ns 


tPLZ 
60 
95 
35 
55 
30 
44 
(RL = 1 kn to VOO) 


tTLH 
40 
65 
25 
40 
15 
30 
I nput 
Transition 
Output Transition 
Time 
ns 
tTHL 
30 
60 
15 
30 
15 
30 
Times ~ 20 ns 


LIMITS 


SYMBOL 
PARAMETER 
VOO = 5 V 
VDD=10V 
VDD-15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
65 
120 
30 
55 
30 
44 
CL = 50pF, 


Propagation Delay. Data to Output 
ns 


tpHL 
85 
155 
35 
65 
30 
52 
R L = 200 kn 


tpZH 
70 
110 
35 
55 
29 
44 
(RL = 1 kn 
to VSS) 


Output 
Enable Time 
ns 
tpZL 
95 
170 
40 
60 
30 
48 
(RL = 1 kn 
to VDD) 


tpHZ 
40 
70 
31 
55 
29 
44 
IRL = 1 kn 
to VSS) 


Outside 
Disable 
T;m~ 
ns 


tPLZ 
60 
105 
35 
55 
30 
44 
IRL 
= 1 kn 
to VDD) 


tTLH 
40 
65 
25 
40 
15 
30 
Input Transition 
Output 
Transition 
Time 
ns 
tTHL 
30 
60 
15 
30 
15 
30 
Times 
<;; 20 ns 


NOTES' 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics 
. 
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4009781400988 
POWER DISSIPATION 
VERSUS 
FREQUENCY 


400988 
PROPAGATION 
OELAY 
VERSUS 
LOAD 
CAPACITANCE 


>- 
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Z 
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0 
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50 
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40 
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400988 
PROPAGATION 
DELAY 
VERSUS 
TEMPERATURE 


~ 
90 
C~ = 15 pF 
> 
80 
~ 
w 
70 
o 


~ 
60 
;:: 
•• 50 
" 
-: 
40 
of 
30 


Ii 20 
e- 
'5 10 
e- 
0 
-60-40-200 
20406080100120140 
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16V- 
c( 140 


E 
I 120 
>-z 
~ 100 
0: 
B 
80 
z 
<i 
0:o 
I 
Z 
P 


60 


40 I. 


1/ 
VGS 
GATE TO 
SOURCE VOLTAGE 
- V 
20 
- 


V 
VGS' 
5 V 
°0 
2 
4 
6 
8 
10 
12 
14 
16 


400988 
OUTPUT 
TRANSITION 
TIME 
VERSUS 
LOAD 
CAPACITANCE 
e 


~ 
90 
TA:: 250C 
~ 
80 
;:: 


~ 
70 
;:: 
en 
60 
z 
: 
50 
>- 
5 
40 
.. 
~ 
30 
o 
I 
20 
..• 
:I:r 
10 


/I 


VOO-5V 
/1 


/' 
~ 
tTLH 


VOO-10V 
/I~"""'" 
1-- 
V'\/ 
,-- 
?-' 
~"\ 
~-- 
\ji 
tTHL- 


VOO~15Vf 
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400978 
400978 
400978 
OUTPUT 
TRANSITION 
TIME 
PROPAGATION 
DELAY 
VERSUS 
PROPAGATION 
DELAY 
VERSUS 
~ 
VERSUS 
LOAD 
CAPACITANCE 
TEMPERATURE 
LOAD 
CAPACITANCE 


I 
90 
. 80 
. 90 
e 
c 
TA:::' 25QC 
.-I*- 


~ 
TA = 25°C 
~ 
I 
CL=15pF 
I 


I 


;:: 
80 
> 
70 
> 
80 
0=15 
V 
~LH 
~ 
~ 
V 
Z 
70 
tPHl 
70 
0 
V 
O=15V / 
I 
0 
60 
0 
!Y 
.........- 
t~LH 
;:: 
60 
tTHl 
z 
-- --:r: 
' 
z 
60 
Cii 
~ 
~- 
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V 
z 
\y 
/f 
0 
50 
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.. 
;:: --- 
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VO~~ 
.. 
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0: 
50 
VOO - 
10 V" V\....- ......... 
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I 
>- 
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40 
__ 
.. 
.......- 
.. 
,'jL7JHL 
>- 
40 
.. 


---VOO 
= 10V 
.. 
40 
/ 
VO? 
= 10 V ~- 
::> 
/\V 
.......- "1..... 
0 
0 
.. 


0: 
30 
0: 
>- 
J 
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~L 
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,? 
...•.~-- 
.. 
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.. 
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~' 
I 
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--- 
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20 
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tpLH 
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tPHl 
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:I: 
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tP,LH 
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120140 
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CL - 
lOAD 
CAPACITANCE 
- 
pF 
TA r- AMBIENT 
TEMPERATURE 
- °C 
Cl = lOAD 
CAPACITANCE 
- 
pF 


_ 
-j50% 
50%\ 


EOn 
~ 
~~ 


OUTPUT 
--j 
r-tPHZHIGH 
Z 
V=~PZH 


~ 
·OFF 
STATE 
I 


'.... 
/ 
10"" 
--_ ..•. 
rn"-4~~ 
':':.-_;1-"" 


,," 
~90% 


10% 
HIGH Z 
, 


OUTPUT 
"OFF" 
STATE 
~ 


40160B/74C160/54C160 
• 40161B/74C161/54C161 
40162B/74C162/54C162 
• 40163B/74C163/54C163 


4-81T SYNCHRONOUS COUNTERS 


DESCRIPTION 
- 
The 40160B 
and the 401628 
are fully 
synchronous 
edge-triggered 4·Bit 
Decade 
Counters 
The 40161 B and the 401638 
are fully 
synchronous 
edge-triggered 4-Bit 
Binary 
Counters. 
Each device 
has a Clock 
Input 
(ep); 
four 
syn~ronous 
Parallel 
Data 
Inputs 
(PO·P3); three 
synchro- 
nous 
Mode 
Control 
Inputs, 
Parallel 
Enable 
(PE), 
Count 
Enable Parallel (CEP) and Cnunt 
Enable 


trickle 
(GET); 
Buffered 
Outputs from 
all four 
bit positions (°0.03); 
and a Terminal 
Count Output 


(Tel. 
The 401628 
and 401638 
have an additional 
synchronous 
Mode Control 
Input, 
Synchronous 
Reset (SAl. Alternately, 
the 401608 
and 40161 B have an overriding 
asynchronous 
Master Reset (MRI. 


Operation 
is fully 
synchronous 
except 
for 
Master Reset on the 401608 
and 401618 
and occurs on 


the LOW-to-HIGH 
transition 
of the Clock 
Input 
iCP). When the Parallel Enable Input 
(PE) is LOW, 
the next 
LOW-to-HIGH 
transition 
of the Clock 
Input 
(CP) loads data into the counter 
from 
Parallel 


Inputs 
IPO-P31. When the Parallel 
Enable Input (PE) is HIGH, 
the next LOW-to·HIGH 
transition 
of 


the Clock 
Input 
(CP) advances the counter 
to its next state only 
if both 
Count 
Enable Inputs (CEP 


and CET) are HIGH 
when the state of the counter 
is nine (°0;:: 
Q3 ;::HIGH, 
Q1 ;::°2;:: LOW) for the 
40160B 
and 40162B/fifteen 
100 
= 01 
= 02 
= 03 
= HIGHI 
for 
the 40161B 
and 40163B 
and the 


Count 
Enable Trickle 
Input 
(CET) is HIGH. 
For the 401628 
and 401638 
a LOWen 
the Synchronous 
Reset Input 
(SRl sets all Outputs 
(QO-03 
and TCl 
LOW on the next LOW-to-HIGH 
transition 
of the 


Clock 
Input 
(CPl independent 
of the state of all other synchronous 
Mode Control 
Inputs (CEP, CET, 
PEl. 
For the 401608 
and 401618, 
a LOW on the overriding 
asynchronous Master Reset (MRl sets all 


outpus (°0-°3 and Te) 
LOW, independent 
of the state of all other inputs. 


These devices perform 
multistage 
synchronous 
counting 
without 
additional 
components 
by using a 


carry look-ahead counting 
technique. 


The 401608, 
401618, 
401628, 
and 401638 
are edge-triggered; 
therefore. 
the synchronous 
Mode 


Control 
Input 
ICEP, CET, PEfor 
the 40160B/40161 
Band 
CEP, CET, PE, SR for the 40162B/40163BI 
must 
be stabie only 
during 
the set-up time 
before the LOW-to-HIGH 
transition 
of the Clock 
Input 


ICPI 


The 40160B, 
40161B, 
40162B 
and 40163B 
are dorect replacements for the 74C160/54C160, 
74C1611 
54C161, 
74C162/54C162, 
and 74C163/54C163 
respectively. 


• 
12 MHz TYPICAL 
COUNT 
FREQUENCY 
AT VDD = 10 V 
• 
DECODED 
TERMINAL 
COUNT 
• 
FULLY 
SYNCHRONOUS 
COUNTING 
AND 
PARALLEL 
ENTRY 
• 
SYNCHRONOUS 
1401628/40163BI 
OR ASYNCHRONOUS 
(40160B/40161BI 
RESET 


• 
BUILT·IN 
CARRY 
CIRCUITRY 
• 
FULLY 
EDGE·TRIGGERED 


PIN NAMES 
PE 


PO'P3 
CEP 


CET 


CP 


MR 


SR 


°0'°3 
TC 


Parallel Enable Input 
(Active 
LOW) 


Parallel Inputs 


Count 
Enable Parallel Input 


Count 
Enable Trickle 
Input 


Clock Input 
(L ~ HEdge-Triggered) 


Master Reset Input 
(Active 
LOW) for the 401608/401618 
Only 


Synchronous 
Reset Input 
(Active 
LOWl for the 401628/401638 
Only 


Parallel Outputs 


Terminal 
Count Output 


MODULUS 
RESET 
DECADE 
BINARY 
1---- 


Asynchronous 
40160B 
40161B 


~!onous 
40162B 
40163B 


LOGIC SYM80L 


3 
4 
5 
6 


10 
CEl 
4016081401618 
TC 
15 


14 
13 
12 
11 


3 
4 
5 
6 


PE 
'0 " " 
'3 
CEP 


10 
CET 401628 
'401638 
TC 
15 


401608/401618 
CONNECTION 
DIAGRAM 
DIP (TOP VIEW) • 


401628/401638 
CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-line 
Package. 


FAIRCHILD 
CMOS. 
40160B/74C160/54C160. 
40161B/74C161/54C161 
• 
40 162B/7 4C162/54C 162 • 40 163B/7 4C163/54C 163 


SR 
PE 
I 
CEP 
CET 
MODE 


H 
L 
X 
X 
Preset 


H 
H 


I 


L 
X 
No Change 


H 
H 
X 
L 
No Change 


H 
H 
H 
H 
Count 


L 
X 
I 
X 
X 
Reset 


PE 
CEP 
CET 
MODE 


L 
X 
X 
Preset 


H 
L 
X 
No Change 


H 
X 
L 
No Change 


H 
H 
H 
Count 


401606/401626 
401616/401636 


CET 
(QO' 
01 
• 02 
• Q3) 
1QO • Q1 • Q2 • Q3) 
TC 


L 
L 
L 
L 


L 
H 
H 
L 


H 
L 
L 
L 


H 
H 
H 
H 


H'" 
HIGH 
Level 


L=' 
LOW 
Level 


X '" Don't 
Care 


TC = CET • 00' 
0, 
• 02' 
03 (401608/401628) 


TC = CET • 00 • 01 . 02 . 03 (401618/401638) 


NOTE: 
The 401608 
or 401628 
cln 
be preset to any state, 
but 
will 
nOt count 
beyond 
9. If preset to state 10. 11. 12. 13, 14 or 15. they 
will 
return 
to 
their 
normal 
sequence 
within 
two 
clock 
pulses. 


FAIRCHILD CMOS. 
40160B!74C160/54C160. 
40161B!74C161/54C161 
• 
40162B!74C162/54C162. 
40163B!74C163/54C163 


401618/401638 
LOGIC 
DIAGRAM 
The 40161 Band 
401638 
binary 
synchronous 
counters 
are similar. 
However, 
the 40161 B has an asynchronous 
master reset circuit 
as shown on 


the 401608/401628 
Logic Diagram. 


Voo 
'" 


vss 
'" 


o 


PIN 16 


PIN 
B 


PIN NUMBERS 


4016081401628 
LOGIC 
DIAGRAM 
The 401608 
and 401628 
BCD synchronous 
counters are similar. 
However, the 401628 
has a synchronous 
reset circuit 
as shown on the 
401618/401638 
Logic Diagram. 


Voa 
• 
Vss 
• 


o 


PIN 16 


PIN 
8 


PIN 
NUMBERS 


• 


FAIRCHILD CMOS. 40160B!74C160/54C160. 
40161B/74C161/54C161 • 
40162B!74C162/54C162. 
40163B/74C163/54C163 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD 
= 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
!J,A 
Power 
150 
300 
600 
MAX 
All inputs 
at 
IDD 
Supply 
5 
10 
20 
MIN,25°C 
OVorVDD 


XM 
!J,A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
=5 
V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
120 
220 
55 
105 
40 
84 
Propagation 
Delay, 
CP to Q 
ns 


tPHL 
120 
220 
55 
105 
38 
84 
CL = 50 pF, 


tPLH 
155 
285 


070 
130 
45 
104 
RL=200kn 


Propagation 
Delay, 
CP to TC 
ns 


tPHL 
155 
285 
70 
130 
40 
104 
1"put Transition 


tPLH 
95 
165 
40 
80 
27 
64 
Times"';;; 20 ns 
Propagation 
Delay, CET 10 TC 
ns 
'PHL 
95 
165 
55 
95 
36 
76 


'PHL 
Propagation 
Delay. 
MR to Q 
150 
285 
65 
125 
44 
100 
ns 
(40160B/40161B) 


'pHL 
Propagation Delay, MR to TC 
175 
335 
75 
145 
52 
116 
ns 
(40160B/40161 
BI 


'TLH 
60 
135 
35 
70 
25 
45 
Output 
Transition 
Time 


70 
ns 


'THL 
135 
30 
70 
23 
45 


tree 
MA Recovery 
Time 
50 
15 
30 
10 
24 
7 
ns 
(40160B/40161 
Bl 


IwMR(L) 
MR Minimum 
Pulse Width 
110 
60 
55 
27 
44 
17 
ns 
(40160B/40161 
Bl 


'wCP 
CP Minimum 
Pulse Width 
90 
50 
40 
20 
32 
15 
ns 


ts 
Set-Up 
Time, 
Data 
to CP 
70 
35 
35 
18 
28 
13 
ns 
th 
Hold 
Time, 
Data to CP 
0 
-30 
0 
-15 
0 
-10 


's 
Sel-Up Time, 
PE to CP 
110 
60 
60 
30 
48 
20 


Hold Time, PE to CP 
-10 
-28 
ns 
th 
-57 
-5 
-4 
-18 


ts 
Set-Up Time, 
CEP, CET to CP 
200 
115 
95 
50 
76 
35 


Hold Time, 
CEP, CET to CP 
-20 
-110 
-10 
-48 
-8 
ns 
th 
-32 


ts 
Set-Up Time, 
SR to CP 
40 
15 
18 
15 
14 
4 
(40162B/40163B) 


Hold Time, SR to CP 
0 
-5 
-2 
0 
ns 


(40162B/40163B) 
th 
0 
0 


fMAX 
Input Count Frequency 
3 
6 
7 
12 
8 
14 
MHz 


(Note 3) 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX, 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 
jJ.sat 
VOO 
:: 5 V, 
4 jJ.sat 
VOO 
"" 10 
V, 
and 
3 jJ.Sat 


VOOs15Vo 


FAIRCHILD CMOS. 
40160B/74C160/54C160. 
40161B/74C161/54C161 
• 
40162B/74C162/54C162. 
40163B/74C163/54C163 


PROPAGATION 
DELAY· 


VERSUS TEMPERATURE 


L-I 
.." 
-I~;"'- 
,/ 
80 
...- 
70 
.."...- 
- 
60 


;= 
E 1000 
I 
TA = 2r1 
I 


w100 
~ 
VDD = 15 V 


'" 
VDD = 15 V 
~10 
VDD=10V 


Q. 
VDD = 10 V 
ffil.0 
Q. 


~10-1 
i=<!!: 10-2 
~ 
.- 
5 10-3 ~ 


ffi 
? 
;= 10-4 
~ 
102 


~"o 
1 
CL = 15 pF 
> 100 
5 90 
wo 
zo 
~ 
Cl;t 
50 


~ 
40 
'100= 
1~ 


Q. 
-I--~D 
= 15V 


I 
30 _r0- 
d 20 
I 


~ 
10 
I 
I 


~ 
~60 -40 -20 
0 
20 
40 
60 80 100120 140 
TA - 
AM81ENT TEMPERATURE - 
°C 


CL- 15pF_ 
CL = 50 pF 
_ 


103 
104 
105 
106 
107 
INPUT FREQUENCY - 
Hz 


PROPAGATION 
DELAY 
~ 140 VERSUS 
LOAD 
CAPACITANCE 


1 
TA = 25°C 
1,<;-1.••...........• 
> 120 
-100:"::'- 


~ 
VV 
0100 
./ 
~ 
.•......... 


~ 
80 
Cl 
;t 
60 
oa: 
Q. 
I 
40 
d 20 
~ 
Q. 
() 


i::; 
140 
> 
()z 
~30 
S1 
I•...•.••...••. 


a:... 
•.•20 
z 
:>o 
() 
•.•10 
~~ 


1'-_ 
-t--r-. 


VDD = 15 V r-- 
-r-- 
V~_ 


VDD = 5 V 


VoD = 10'1 


VDO - 15 V 


o 
-60 -40-20 
0 
20 
40 
60 
80100120140 
TA - 
AM81ENT TEMPERATURE - 
°C 


o o 
20 
40 
60 
80 
100120140 
160 
CL - 
LOAD CAPACITANCE 
- 
pF 


CLOCK 
(CP) TO OUTPUT 
(a) 
CLOCK 
(CP) TO TERMINAL 
COUNT 
(TC) 
PROPAGATION 
DELAYS 
AND 
MINIMUM 
PROPAGATION 
DELAYS 
CLOCK 
PULSE WIDTH 


COUNT 
ENABLE 
TRICKLE 
INPUT 
(CET) 
TO 
TERMINAL 
COUNT 
OUTPUT 
(TC) 
PROPAGATION 
DELAYS 


'~r- 
'PLH--1 t:- 


o 
~50" 


CONDITIONS' 
PE 
2 
MR 
= CEP = CET = H 


for 
401608/401618 
and 
PE ,. SA 
= 
CEP 
"" 


eET,.. H for 401628/401638. 


CONDITIONS: 
See 
the 
Terminal 
Count 
Generation 
Table 
PE ::: CEP 
= 
CET 
:: MA 
= 
H for 
401608/40161 
Band 
PE = CEP 
::: eET 


- SA = H for 401628/401638. 


CONDITIONS: 
See 
the 
Terminal 
Count 
Generation 
Table. 
CP ""' PE 
=< 
CEP 
"" MR 
:: H 
for 
401608/40161 
Band 
CP 
"" PE ,. 
CEP 
= 


SA 
= H for 401628/401638. 


• 


FAIRCHILD CMOS. 
40160B!74C160/54C160 
• 
40161B!74C161/54C161 
• 
40162B!74C162/54C162 
• 
40163B!74C163/54C163 


40162B/40163B 
SET· UP TIMES 
(t.1 AND 
HOLD-"!IMES 
(th) 
FOR SYNCHRONOUS 
RESET (SRI. 


SET·UP TIMES 
(t.) 
AND 
HOLD 
TIMES 
Ith) 
FOR 
PARALLEL 
DATA 
INPUTS 
IPO·P3). 


_/ 


CONDITIONS; 
PE = 
L, 
MR 
= H for 
4016081 
CONDITIONS: 
MR 
'" H for 
401608/40161 
B 
401616 
and 
'i5"'E= 
L, 
SA 
= 
H 
for 
4016281 
and SA 
= H for 
401628/401638. 
40163B. 


40160B/40161B 
MASTER 
RESET 
(MR) 
TO 
OUTPUT 
(a) 
DELAY. 
MASTER 
RESET 
PULSE 
WIDTH, 
MASTER 
RESET 
RECOVERY 
TIME, 
AND 
MASTER 
RESET 
TO 
TERMINAL 
COUNT 
(TCI DELAY. 


CONDITIONS: 
PE 
= 
L 
and 
Po 
= 
P, 
= 
P2 ;; 


P3 = H. 


SET·UP TIMES 
(t.) 
AND 
HOLD 
TIMES 
(th) 
FOR COUNT 
ENABLE 
INPUTS 
(CEP AND 
CETl. 


o=x 
_ 


CONDITIONS: 
PE 
MR 
= 
H 
for 
40160BI 


40161 
Band 
PE 
= 
SA 
"" 
H 
for 
4016281 


40' 63B. 


401748/7 
4C17 4/54C17 4 
HEX 0 FLIP-FLOP 


DESCRIPTION 
- 
The 401748 
is a Hex Edge-Triggered 
0 
Flip-Flop 
with 
six Data Inputs (DO-0S), 
a 
Clock 
Input 
(CP) an overriding asynchronous Master Res.et IMR), 
and six Buffered Outputs (00-051. 


Information 
Of) 
the 
Data 
Inputs 
(DO-0S) 
is 
transferred 
to 
the 
Buffered 
Outputs 
(°0.05) 
on 
the 
LOW-la-HIGH 
transition 
of the Clock 
Input 
(CP) 
if 
the Master 
Reset Input 
(MRl 
is HIGH. 
When 
LOW. the Master Reset Input 
(MRI resets all flip-flops 
100-OS = LOW) independent 
of the Clock (CP) 


and Data Inputs (00'05). 
The 401748 
isa direct replacement 
for the 74C174/54C174. 


2 
5 
7 
10 
12 15 


VOO;; 
Pin 16 


VSS 
:: Pin 
8 


• 
TYPICAL 
CLOCK 
FREOUENCY 
OF 16 MHz AT VDD = 10 V 
• 
COMMON 
CLOCK 
TRIGGERED 
ON LOW-TO-HIGH 
TRANSITION 
• 
COMMON 
ACTIVE 
LOW MASTER 
RESET 
• 
FULLY 
EDGE·TRIGGERED 
CLOCK 
INPUT 


PIN NAMES 


DO-OS 
CP 


MR 
°O-OS 


Data 
Inputs 
Clock Input 
IL-H 
Edge-Triggered) 


Master 
Reset 
Input 
(Active 
LOW) 


Buffered 
Outputs from the Flip·Flops 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts (Connection 
Diagram) 
as the 
Dual In-line Package. 


VDD 
=' Pin 
16 


VSS 
=' Pin 8 
o 
=' Pin Numbers 


• 


LIMITS 


SYMBOL 
PARAMETER 
VDD" 
5 V 
VDD"10V 
VDD"15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Q","'''} 


20 
40 
80 
MIN,25'>C 
XC 
~A 
Power 
150 
300 
600 
MAX 
All inputs 
at 


IDD 
SupplV 
XM 
5 
10 
20 
MIN,25°C 
o V or VDD 
~A 
Current 
150 
300 
600 
MAX 


LIMITS 
=ITEST CONDITIONS 
SYMBOL 
PARAMETER 
VDD" 
5 V 
VDD" 
10 V 
VDD 
= 15V 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'pLH 
70 
115 
35 
60 
25 
48 
Propagation Delay. CP to On 
ns 


'PHL 
70 
115 
35 
60 
25 
48 


'pHL 
Propagation Delay. MR to On 
80 
125 
40 
65 
25 
52 
ns 


'TLH 
65 
135 
35 
70 
15 
45 
Output 
Transition 
Time 
ns 
'CL"50pF, 
'THL 
65 
135 
35 
70 
15 
45 


'wCP(L) 
Minimum 
Clock 
Pulse Width 
45 
25 
20 
10 
16 
8 
ns 
RL=200kll 


'wMR(L) 
Minimum 
MR Pulse Width 
55 
35 
35 
20 
28 


Input 
Transition 


15 
ns 
Times 
~ 20 ns 
tree 
MR 
Recovery 
Time 
25 
6 
13 
5 
11 
2 
ns 


's 
Set-Up 
Time, 
On to CP 
5 
1 
5 
1 
4 
0 
I 


Ih 
Hold Time, Dn to CP 
20 
10 
10 
2 
8 
1 
--=-J 


fMAX 
Max. Clock Frequency (Note 3) 
5 
9 
8 
16 
9 
19 
MHz 
I 
- 
----- 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are 
listed 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transitipn 
Times 
are 
graphically 
described 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


3. 
For fMAX, 
input 
rise and 
fall 
times 
are 
greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 
4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
I nput 
be 
less than 
15 
1-1Sat 
VOO 
'" 5 V. 
4 1-1sat 
VOO 
'" 10 V. 
and 
3 IJ.Sat 


VOO'=15V. 


lVPICAL 
ELECTRICAL 
CHARACTERISTICS 


CLOCK 
FREQUENCY 


TYPICAL 
POWER DISSIPATION 
VERSUS 
~ 
VERSUS 
CLOCK 
FREQUENCY 
POWER SUPPLY 
VOLTAGE 
E1000 
T1 1~I2~otII 


20 
TA =125oC 
I 
w 
-~" 
I -, 
"I 
.' 
CL = 15 pF 
cr 100 
IJII 
~ 11~~ 


N 
.-- 
cr: 
:::;;;; .' 
:z: 
--- 
'" 
,90 
,:\ 
:;; 
15 
U 
10 
/ 
cr: 


IJ~!D ~ ~61~,,~.., 
.., 
J 
... 
....;;;; 
... c..- 
> 
II: 
1.0 
U 
/ 
w 
..' 
Z 
... 
.~~. 
",V 
w 
10 
z 
..' 
::> 
/ 
.' 
0 
Q 10-1 
.~~. 
..' 
w 
~ 
;v 
II: 
cr: 
..' 
VDD = 5 V 
... 


~ 10-2 .' 


'" 
... c::- 


I 
I 


u 
5 
'" 
I;;' 
0 
/ 
C 10-3 


...• 
U 
II: 
~ 
CL= 15 pF- 
w 
CL = 50 pF ....•. 


~ 10-4 
0 
102 
103 
104 
105 
106 
107 
0 
5 
10 
15 


CLOCK FREQUENCY 
- 
Hz 
VDD - 
POWER SUPPLY VOLTAGE 
- 
V 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
.. 
VERSUS 
TEMPERATURE 
.. 
VERSUS 
LOAD 
CAPACITANCE 
c 
100 
c 
110 
/ 
I 
CL = 15 pF 
~ 
I 
TA = 25°C 
> 
90 
~..) 
- 
> 
100 
I 
V 
~ 
~ 
w 
80 
~03' 
w 
90 
:"'~ 


./ 
0 
0 
z 
70 
V 
z 
80 
~ 
0 
0 
;:: 
60 
;:: 
70 
~ 
cr: 
./ 
cr: 
Cl 
50 
Cl 
60 
~ 
...... 
V 
cr: 


~ 
'- 


... 
_,0" 
0 
40 ./ 
0 
50 
II: 
"00 
II: 
"O~ 
... 
30 
... 
40 
;7 "00='6~ 
__ 
I 
-- 


...- ~" 
I 
,/ 
- 
- 
J 
20 
- 


"010 I'=r- 
J 
30 
./ - 
~ 
0 
-~ 
- 
10 
0 
20 
I 
~ 
~ 
... 
0 
... 


U 
U 
10 
-60 
-20 
20 
60 
100 
140 
0 
20 
40 
60 
BO 100 
120 
140160 


TA - 
AMBIENT 
TEMPERATURE 
- 
°C 
CL - 
LOAD CAPACITANCE 
- 
pF 


SWITCHING 
WAVEFORM 


..--twCP----' 


CP 
P\:.JFL 


•..• 
t$ ....• I--'h-+- 


0 


0 


.- 
'''''o-~ 
- 


...-twMA---. 


''''' 
- 
MA 


MINIMUM 
PULSE WIDTHS 
FOR CP AND 
MR, MR 
RECOVERY 
TIME, 
AND 
SET-UP AND 
HOLD 
TIMES, 
On TO CP 


NOTE: 
Set-up 
and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values 


• 


401758/74C175/54C175 
QUAD D FLIP-FLOP 


DESCRIPTION 
- 
The 40175B 
is a Ouad Edge-Triggered ° Flip-Flop 
with 
four 
Date Inputs 
(00-03), 
a 


Clock 
Input 
(CP) an overriding asynchr~o~ 
Master Reset (MRl, 
four Buffered Outputs (OO~Q3) and 
four Complementary Buffered Outputs (°0.°3). 


Information 
on the Data 
Inputs (00·03) 
is transferred 
to Outputs 
(00·03) 
on the LOW-te-HIGH 
Transition 
of the 
Clock 
Input 
(CP) 
if the 
Master 
Reset 
Input 
(MR) 
is HIGH. 
When 
LOW, 
the Master 
Reset Input 
(MRI 
resets all flip-flops 
(00-03 
= LOW, 00-03 
= HIGH), 
independent 
of the Clock 
(CPI 
and Data (00-03) 
Inputs. 


• 
TYPICAL 
CLOCK 
FREQUENCY 
OF 16 MHz AT VDD = 10 V 


• 
COMMON 
CLOCK 
TRIGGERED 
ON LOW-TO-HIGH 
TRANSITION 


• 
COMMON 
ACTIVE 
LOW MASTER 
RESET 
• 
TRUE 
AND 
COMPLEMENTARY 
OUTPUTS 
AVAILABLE 
• 
FULLY 
EDGE-TRIGGERED 
CLOCK 
INPUT 


PIN NAMES 


00-03 
CP 
MR 
°0-°3 
00-03 


Data Inputs 
Clock 
Input 
(L...•H Edge-Triggered) 


Master 
Reset Input 
(Active 
LOW) 
Buffered Outputs from the Flip-Flops 


Complimentary 
Buffered 
Outputs 
from 
the Flip·Flops 


NOTE: 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 
Dual 
I n-Iine 
Package. 


MAev 
cpo 
00 
OQ 
°0 


Voo:::: 
Pin 
16 


VSS 
"" Pin 
8 
o = Pin Number 


VDD 
~ 15 V 
UNITS 
TEMP 
TEST CDNDITIONS 


MIN 
TYP 
MAX 


80 
MIN,25°C 


~A 
600 
MAX 
All inputs 
at 


20 
MIN,25°C 
o V or VDD 
~A 
600 
MAX 


AC CHARACTERISTICS 
AND SET-UP REQUIREMENTS, 
VDD as shown, 
VSS ~ 0 V, TA ~ 25°C ISee Not. 
21 
-~-I 


-~ 
LIMITS 


VDD 
~ 5 V 
VDD~lOV 
VDD 
~ 15V 
UNITS 
TEST CONDITIONS 


~MIN1TYP 
!MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


On or On 
I 
I 
70 
190 
35 
75 
25 
60 


i 
70 
190 
ns 
35 
75 
25 
60 
! 
f80 
200 
40 
70 
25 
56 
ns 


i 
i 
80 
200 
40 
70 
25 
56 


----j165 
135 
35 
75 
15 
45 
CL ~ 50 pF, 


i 
'65 
ns 


135 
35 
75 
15 
45 
RL ~ 200 k!1 


th 
80 
25 
45 
10 
36 
8 
ns 
Input Transition 


h 
60 
35 
30 
20 
24 
15 
ns 
Times ~ 20 ns 


0 
' -50 
0 
-25 
0 
-15 
ns 
-_. 


45 
20 
20 
16 
7 
3 


5 
4 
ns 
±±to 


-5 
-3 


ot~. 
4 
9 
10 
16 
12 
19 
MHz 


tPLH 


tPHL 


tpLH 


tPH L 
M_R_t_o_O_r.~t_Q_-_n 
_ 


tTLH 


Output 
Transition 
Time 
tTH_L 
_ 


~~~P(~~ll~mum 
C1o~k Pulse Wid 


~wMR(U 
Minimum 
MR ~~~s~__vy~~ 


• MR Reco:erv 
Time 
,.. 
- 


Sf>t-Up Time, On to CP 


th 
Hold Time, On to CP 
. 
_._---- 


fMAX 
-l ~x. 
~Iock 
Fr~~~~c~ 


r'JOTES 
1 
Arldttional 
DC Characteristics 
are listed 
in this 
section 
under 
4000B 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagdtion 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise 8nd fall 
times 
are greater 
than 
or equal 
to 5 ns and less than 
or equal 
to 20 ns. 


4 
I t 
IS 
recomlTlenden 
that 
input 
rise 
and 
fall 
times 
to 
the 
C1oL:k I nput 
be (ess than 
15 )1Sat 
VOO 
= 5 V, 
4 )1Sat 
VDO 
= 10 V, and 
3)1s at 


VOD 
15V 


0-- 
--', 
.., 


________ 
""'-lwMR----. 
---------- 


50 
50 


MINIMUM 
PULSE WIDTHS 
FOR CP AND 
MR, 


MR RECOVERY 
TIME, 
AND SET-UP AND 
HOLD 
TIMES, 
On TO CP 


Note: 
Set up and 
Hold 
Times 
are shown 
as positive 
values 
but 
may 
be specified 
as negative 
values. 


• 


~ 
~ 
'". 
zg 
10-1 
~iio 
'" 
~ 


PROPAGATION 
DELAY. 
CP TO 


Qn OR 0;;. VERSUS 
LOAD 
CAPACITANCE 


I 
140 
I 


10< 
10< 


'" 
'" 
0 
'20 
0 


6 
6 
I? 
100 
I? 
. 
u 
u,: 
>- 


~ 
80 
~ 
c 
c 
z 
z 
0 
60 
0 


~ 
~ 
4 
C) 
C) 
~ 
-40 
~ 
~ 
~ 


I 
I 


20 
I 
l 
. 


.:. 
0 
~ 
l 
0 


CL - 
lOAD 
CAPACIT ANCE - pF 


PROPAGATION 
DELAY. 


CP TO On OR Qn. 
VERSUS 
TEMPERATURE 


CL" 
15 pF 


.-" 
---V 


- - 


w\,\\. •.-Jo,2---r"'" 


/~ 


....... 


~,O~ 


tpU~' 'pHL' 
VOD 
lSV 
I 
I 


I 
I 
o 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


fA 
- 
AMBIENT 
TEMPERATURE 
- 
C 


401928/54/74C192 -401938/54/74C193· 
4-BIT UP/DOWN DECADEAND BINARY COUNTER 


DESCRIPTION 
- 
The 40192B 
is a 4·Bit Synchronous 
Up/Down 
BCD Decade Counter 
and the 40193B 


is a 4-Bit 
Synchronous 
Up/Down 
Binary 
Counter. 
Both 
operate 
the 
same except 
for 
the count 


sequence. 
80th 
counters 
Ilave 
a Count 
Up 
Clock 
Input 
{CPUI, a Count 
Down 
Clock Input (CPOI, an 
asynchronous 
Parallel Load Input 
(Pl.), four Parallel Data Inputs 
(Po-P3L 
an overriding 
asynchronous 
Master 
Reset 
(MRI, 
four 
Counter 
OutputsJQ.o-Q31, a Terminal 
Count 
Up 
(Carry) 
Output 
neUI and 
a 


Terminal 
Count Down 
(Borrow) 
Output 
(fC[)I. 


When the Master R~s~t Input 
(MR) is LOW and the Parallel Load Input (Pl.) is HIGH, the Counter 
Outputs 
change state on the 
LOW-Io-HIGH 
transition 
of either 
Clock 
Input. 
However, 
for correct 
counting, 
both 
Clock 
Inputs cannot 
be LOW simultaneously. 
With the Master Reset Input 
(MR) LOW, 


Information 
on the 
Parallel 
D<:lta Inputs 
(PO-P3) is loaded into 
the counter 
when the Parallel Load 
Input 
(PL.) is LOW and stored in the counter 
when the Parallel Load Input (PI) 
goes HIGH, indepen- 
dent of Clock Inputs 
(CPU, CPo). When HIGH, the Master Reset (MA) 
resets the counter 
independent 


of all other input 
condItions. 
See equations 
below for Terminal 
Count Outputs 
(TCU, TCD). 


• 
TYPICAL 
COUNT 
FREOUENCY 
OF 8 MHz AT VOO 
= 10 V 


• 
SYNCHRONOUS 
OPERATION 
• 
INTERNAL 
CASCADING 
CIRCUITRY 
PROVIDED 


• 
ACTIVE 
LOW PARALLEL 
LOAD 


• 
ACTIVE 
HIGH 
ASYNCHRONOUS 
MASTER 
RESET 


PIN NAMES 
Pi: 


PO-P3 
CPU 


CPO 
MR 
°0-°3 
TCU 


TCD 


Parallel Load Input 
(Active 
LOW) 
Parallel Data Inputs 
Count 
Up Clock Pulse Input 
(L -- HEdge-Triggered) 
Count 
Down Clock Pulse Input 
(L--H 
Edge-Triggered) 
Master Reset Input 
(Asynchronous) 
Buffered 
Counter 
Outputs 
Buffered 
Terminal 
Count 
iJp (Carry) 
Output 
(Active 
LOW) 
Buffered 
Terminal 
Count 
Down (Borrow) 
Output 
(Active 
LOW) 


MR 
PL 
CPU 
CPO 
MODE 


H 
X 
X 
X 
Reset (Asyn.) 


L 
L 
X 
X 
Preset (Asyn.) 


L 
H 
H 
H 
No Change 


L 
H 
I 
H 
Count 
Up 


L 
H 
H 
I 
Count Down 


L 
::: LOW 
Level 


H 
::: HIGH 
Level 


X 
::: Don't 
Care 


S ::: 
Positive-Going 
Clock 
Pulse 
Edge 


NOTE: 
The 
Flatpak 
version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 


401928 
LOGIC 
EOUATIONS 
FOR TERMINAL 
COUNT 


TCU 
°0.°3. 
CPU 


TCD 
= 00.0, • 02 
• 03 
• CPO 


401938 
LOGIC 
EQUATIONS 
FOR TERMINAL 
COUNT 


TCU 
00 
• 01 
• 02 
• 03 
• CPU 
TCD 
= 00. 
0, 
• 02 
• 03. CPO 


• 


Pi@ 


(lOAD) 
CPu~ 


(UPCOUNTl~ 


CPD<V 


(DOWN 
COUNT) 


MA 


fCLEARi@ 


fi@ 


(lOAD) 


CPu 


fUPCOUNTl@ 


CD 
00 


VOD 
"" Pin 
16 


VSS 
- Pin 
8 
o 
",. 
Pin 
Number 


Voo 
"" Pin 
16 


VSS 
:: Pin 
8 
o 
.,Pin Number 


@ 


TeD 


(BOARQIfo. 
OUTPUTI 


@ 


TCU 


lCARAY 
OUTPUT 
I 


@ 


TeD 
(BORROW 
OUTPUT) 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD=15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
JiA 
Power 
150 
300 
600 
MAX 
All inputs 
at 


IDD 
Supply 
5 
10 
20 
MIN,25°C 
o V or VDD 


XM 
JiA 


Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD=10V 
VDD=15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
245 
49IJ 
105 
210 
70 
175 
Propagation Delay, CPu to On 
ns 


'PHL 
245 
490 
105 
210 
70 
175 


tpLH 
245 
490 
105 
210 
70 
175 


Propagation 
Delay. 
CPO to Qn 
ns 
'pHL 
245 
490 
105 
210 
70 
175 


tpLH 
Propagation 
Delay, 
CPu 
to TCU 
130 
260 
60 
120 
40 
96 


120 
ns 
'pHL 
130 
260 
60 
40 
96 


tpLH 
-- 
145 
290 
60 
120 
40 
96 


Propagation Delay. CPO to TeD 
ns 


tPHL 
145 
290 
60 
120 
40 
96 


'PHL 
Propagation Delay. MR to On 
270 
540 
120 
240 
80 
192 
ns 


Propagation 
Delay. MR to 


370 
740 
170 
340 
105 
270 
CL = 50 pF, 
tpLH 
TCU or TCD 
ns 


tpLH 
270 
540 
110 
220 
70 
175 


RL=200kn 


Propagation 
Delay. 
PC to On 
270 
540 
110 
220 
ns 
Input 
Transition 


tPHL 
70 
175 
Times ~ 20 ns 


'TLH 
55 
135 
30 
75 
20 
45 


Output 
Transition 
Time 


30 
ns 


tTHL 
55 
135 
75 
20 
45 


twCP 
Min. CPu or CPO Pulse Width 
170 
85 
75 
30 
60 
20 
ns 


twMR 
Minimum 
MR Pulse Width 
180 
60 
80 
30 
64 
20 
ns 


twPL 
Mrnimum 
PL Pulse Width 
150 
75 
85 
25 
52 
20 
ns 


tree 
MR Recovery 
Time 
150 
75 
65 
30 
52 
20 
ns 


tree 
PL Recovery 
Time 
150 
75 
65 
30 
52 
20 
ns 


's 
Set-Up Time, Pn to PL 
170 
85 
75 
30 
60 
20 


Hold Time, Pn to PL 
ns 


th 
0 
-83 
0 
-28 
0 
-19 


fMAX 
Input Count Frequency (Note 3) 
2 
4 
4 
8 
5 
12 
MHz 
• 


NOTES: 
1. 
Additional 
DC Characteristics 
are listed 
in this 
section 
under 
40008 
Series CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and Output 
Transition 
Times' are graphically 
described 
in this 
section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
3. 
For 
fMAX, 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 ns. 
4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15p.s 
at 
VDO 
= 
5 V, 4p.s 
at 
VOO 
= 10 V, 
and 
3j.ls 
at 


VDD"1SV. 


tW\1RR~ 


50 " 
------------ 
------- 


RECOVERY 
TIMES 
FOR PI. AND MR. 


MINIMUM 
PULSE WIDTHS 
FOR CPU. CPO. 


Pi: AND 
MR AND 
SET·UP AND 
HOLD 
TIMES 
Pn TO Pi: 


DESCRIPTION 
- 
The 40194B 
is a 4-Bit 
Bidirectional 
Shift 
Register with two Mode Control 
Inputs 
(SO' Sl l, a Clock 
Input 
(CPI, a Serial Data Shift 
Left Input (DSLI, a Serial Data Shift 
Rig~lnput 
(DSRi, 
four 
Parallel Data Inputs (P0-P3), an ovprriding asynchronous Master Reset Input 
(MRI and 
four Buffered Parallel Outputs (00.°3). 


When LOW, the 
Master Reset Input 
{MRI 
resets all stages and forces all Outputs 
(00·Q3) 
LOW, 
overriding all other input conditions. 
When the Master Reset Input (MR) is HIGH. the operating mode 


IS controlled 
by the two Mode Control Inputs (SO, S1) as shown in the Truth Table. Serial and parallel 
operation 
is edge-triggered on the LOW-to-HIGH 
transition 
of the Clock Input 
(CP). The inputs at 
which the data is to be entered and the Mode Control Inputs ISO,S1I must be stable for a set-up time 
before the LOW-to-HIGH 
transition 
of the Clock Input CPI. 


401948 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 


• 
TYPICAL 
SHIFT 
FREOUENCY 
OF 
14 MHz AT VDD ~ 10 V 
• 
ASYNCHRONOUS 
MASTER 
RESET 
• 
HOLD 
(DO NOTHING) 
MODE 
• 
FULLY 
SYNCHRONOUS 
SERIAL 
OR PARALLEL 
DATA 
TRANSFERS 
• 
POSITIVE 
EDGE·TRIGGERED 
CLOCK 


PIN NAMES 
SO.S, 
PO,P3 
DSR 
DSL 
CP 


MR 


°0·°3 


Mode Control Inputs 
Parallel Data Inputs 
Serial IShift RIght) Data Input 
Serial (Shift Left) Data Input 
Clock Input (L--H 
Edge-Triggered) 
Master Reset Input (Active LOW) 
Parallel Outputs 


NOTE: 
The 
Flatpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual In-line Package. 


Voo 
Ptn 
16 


VSS 
PIn 
8 
o 


~ 
CP ----v 


~_~A (0 


• 


OPERATING 
INPUTS 
IMR ' 
HI 
OUTPUTS 
AT tn+l 


MODE 
Sl 
So 
DSR 
DSL 
PO,Pl,P2,P3 
QO 
Ql 
Q2 
Q3 


Hold 
L 
L 
X 
X 
X 
QO 
Ql 
Q2 
Q3 


H 
L 
X 
L 
X 
Ql 
Q2 
Q3 
L 
Shift 
Left 
H 
L 
X 
H 
X 
Q1 
Q2 
Q3 
H 


L 
H 
L 
X 
X 
L 
QO 
Ql 
Q2 
Shift 
Right 
L 
H 
H 
X 
X 
H 
QO 
Ql 
Q2 


H 
H 
X 
X 
L 
L 
L 
L 
L 


Parallel 
Load 
H 
H 
H 
H 
X 
X 
H 
H 
H 


LIMITS 


SYMBOL 
PARAMETER 
VDD' 
5 V 
VDD' 
10 V 
VDD'15V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Ouiescent 
20 
40 
80 
MIN,25'C 
XC 
~A 


Power 
150 
300 
600 
MAX 
All inputs at 


IDD 
Supply 
5 
10 
20 
MIN,25'C 
o V or VDD 


XM 
~A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD' 
5 V 
VDD'10V 
VDD'15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
100 
180 
45 
80 
35 
64 
Propagation 
Delay. 
CP to 
Q 
ns 


tPHL 
100 
180 
45 
80 
35 
64 


tpHL 
Propagat ion Delay. 
M R to a 
100 
180 
45 
80 
35 
64 
ns 


tTHL 
75 
135 
40 
70 
25 
45 


Output 
Transition 
Time 
ns 


tTLH 
75 
135 
40 
70 
25 
45 


ts 
Set-Up 
Time, 
80 
40 
40 
20 
32 
15 


PO-P3, DSL, DSR to CP 


CL'50pF, 


ns 
RL ' 200 kf! 
th 
Hold Time, 
0 
-10 
0 
-5 
0 
-5 


PO-P3, DSL' DSR to CP 


Input Transition 


Times 
~ 20 os 


ts' 
Set-Up Time, S to CP 
100 
60 
50 
30 
40 
20 


ns 


th 
Hold Time, S to CP 
0 
-10 
0 
-5 
0 
-5 


twCPIL) 
Minimum 
Clock 
Pulse Width 
100 
60 
60 
35 
48 
25 
ns 


twMRIL) 
Minimum 
MR Pulse Width 
75 
40 
45 
25 
36 
15 
ns 


tree 
Recovery 
Time 
for MR 
180 
100 
90 
50 
72 
35 
ns 


'MAX 
Maximum 
CP Frequency (Note 3) 
4.5 
9 
9 
14 
10 
16 
MHz 


NOTES: 
,. 
Additional 
DC 
Characteristics 
are 
listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
descril;\ed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX. 
input 
rise and fall 
times 
are greater 
than 
or equal 
to 5 ns and 
less than 
or equal 
to 20 
ns. 
4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15}.ls 
at 
VOO 
= 5 V. 
4IJ.s at 
VOO 
= 10 
V. 
and 
3IJ.s 
at 


VOO::15V. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 


POWER DISSIPATION 
PROPAGATION 
DELAY 
;'; 
VERSUS FREOUENCY 
VERSUS TEMPERATURE 
E 
~ 
1000 
.1 
. 
'I' 
Ii 


c 
100 
1sJ 


I 
TAo25°C 
I 
.:j 
I 
CL= 15 pF 
w 
>- 
90 
<.:l 
100 


~ 


<t 
V~:-- 
<t 
VDD 015 
V '" 
.... 
-' 
80 
'" 
I.~ 
.... 
w 
-- 
U 
0 
-- 
<t 
10 


VDD; 
10 V 
·{·w·;rrr 
z 
70 
"- 
.' 
0 
'" 
lV 


, III 
;:: 
60 
w 
1.0 
)-n" 
<t 
"- 
~. 


, , 
<.:l 
50 
Z 
j. . ...~ 
.. 
I 
<t 
0 
10-1 
"- 
Voo 
= 10V 
;:: 
~ 
..;.2&, 
I 
0 
40 
'" 
~Iv 
<t 
..:¢; 
VDD = 5 V 
"- 
- 
"- 
10-2 
;:/ 
30 
u; 
I 


'" 
~., 
i 
I 
c 
20 
is 
10-3 
.... ~,..., 
0 


'" 
;/ 
CL = 15 pF-- 
0 
10 
w 
>- 


;'; 
CL 
0 50 pF········ 


"- 
0 
10-4 
U 
0 


"- 
102 
103 
104 
105 
106 
107 
-60 
-20 
20 
60 
100 
140 
• 


INPUT FREQUENCY - 
Hz 
TA - 
AMBIENT TEMPERATURE - 
°C 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
~ 
VERSUS POWER SUPPLY VOL TAGE 
~ 
VERSUS LOAD CAPACITANCE 
c 
160 


I 


c 
180 


I 
TA = 25°C 
I 
TA = 25°C 
>- 
140 
>- 
160 
S 


I 
\ 
I 
s 
w 
120 
w 
140 
0 
"'-CL 
= 50, pF 
Cl 


Z 
z 
120 
0 
100 
0 
;:: 
\ '" 


I 
;:: 
<t 
<t 
100 
VDo = 5 V 
<.:l 
BO 
<.:l 
<t 
\ 
"i 
~ 
80 
"-0 
60 
0 
a: 
CL = 15 PF~ 
""" 
'" 
"- 
"- 
60 
V~D=10V 
I 
40 
I 
c 
I 
I--- 
c 
40 
0 
- 
0 
I 
0 
20 


I 


0 
20 
ViD r 


v 
>- 
I 
>- 


"- 


I 


"- 
U 
0 
U 
0 
0 
5 
10 
15 
0 
20 
40 
60 
80 
100120 
140 
160 


VDD -- POWER SUPPLY VOLTAGE - 
V 
CL - 
LOAD CAPACITANCE 
- 
pF 
• 


SWITCHING 
TIME WAVEFORMS 


The shaded areas Indicate when the input is permitted 
to change for predictable output 
performance. 


MASTER 
RESET PULSE WIDTH, 


MASTER 
RESET TO OUTPUT 
DELAY 
AND 
MASTER 
RESET TO CLOCK 
RECOVERY 
TIME 


OUTPUT' 
~ 
I 


SET-UP I,s) AND HOLD 
('hi 
TIME 
FOR SERIAL 
DATA 
IDSR. DSL) AND PARALLEL 
DATA 
1PO.p,. P2, P3) 


OTHER 
CONDITIONS: 
MR..,; H 


• 0SR 
Set up TIme 
Affects 
00 
Only 


0SL 
Set up Time 
Affects 
03 
Only 


401958/74C195/54C195 
4-81T UNIVERSAL 
SHIFT REGISTER 


DESCRIPTION 
- 
The 401958 
is a fully 
synchronous 
edge-triggered 
4-Bit Shift 
Register with a Clock 
Input (CPI, four synchronous 
Parallel ~ta 
Inputs (Po·P3L two· synchronous 
Serial Data Inputs IJ, Kl, 
a synchronous 
Mode Control 
Input 
(PEl, 
Buffered 
Outputs 
from 
all four 
bit positions 
100-°31, 
a 


Buffere~n\lerted 
Output from the last bit position 
(03) and an overriding 
asynchronous Master Reset 
Input 
(MRI. 


Operation 
is synchronous 
(except 
for 
Master 
Resetl 
and 
is ede!.:..triggered 
on 
the 
LOW-la-HIGH 
transition 
of the Clock Input 
(ep). When the Mode Control 
Input 
(PEl is LOW, a LOW-ta-HIGH 
clock 


t~sition 
loads 
data 
into 
the 
register 
from 
Parallel 
Data 
Inputs 
(PO-P31. 
When 
the 
Mode 
Control 
Input 


(PE) 
is HIGH, 
a 
LOW-to-HIGH 
clock 
transition 
shifts 
data 
into 
the 
first 
register 
position 
from 
the 


Serial 
Data 
Inputs 
U, K), and 
shifts 
all the 
data 
in the 
register 
one 
position 
to 
the 
right. 
D-type 
entry 
is 


obtained 
by 
tying 
the 
two 
Serial 
Data 
Inputs 
IJ, K) together. 
A LOW 
on 
the 
Master 
Reset 
Input 
IMR) 


resets 
all four 
bit 
positions 
(°0-°3 
= LOW, 
03 
= HIGH) 
independent 
of all other 
input 
conditions. 


The 401956 
is a direct 
replacement 
for the 74C195/54C195. 


• 
TYPICAL 
SHIFT 
FREQUENCY 
OF 14 MHz AT VOD = 10 V 


• 
ASYNCHRONOUS 
MASTER 
RESET 


• 
J. K INPUTS TO THE FIRST STAGE 
• 
FULLY 
SYNCHRONOUS 
SERIAL 
OR PARALLEL 
DATA 
TRANSFERS 


• 
COMPLEMENTARY 
OUTPUT 
FROM THE LAST STAGE 


• 
POSITIVE 
EDGE-TRIGGERED 
CLOCK 


PIN NAMES 
PE 


PO-P3 
J 
K 


CP 
MR 


QO·Q3 
03 


Parallel 
Enable 
Input 
(Active 
LOW) 


Parallel 
Data 
Inputs 


First 
Stage 
J Input 
(Active 
HIGH) 


First Stage K Input 
(Active 
LOW) 


Clock 
Input 
(L -+ H Edge.Triggered) 


Master 
Reset 
Input 
(Active 
LOW) 


Parallel 
Outputs 


Complementary 
Last 
Stage 
Output 


VOO=Pin16 
vss 
:::Pin 8 


o 
= Pin Numbers 


NOTE' 
The 
F latpak 
version 
has 
the 
same 
pinouts 
(Connection 
Diagram) 
as the 


Dual 
I n-line 
Package. 


• 


OPERATING 
MODE 
INPUTS 
(MR = H) 
OUTPUTS 
AT In+ 


PE 
J . 
K 
Po 
P, 
P2 
P3 
QO 
Ql 
Q2 
Q3 
Q3 


H 
L 
~ 
X 
X 
X 
X 
L 
00 
Ql 
Q2 
Q2 


H 
L 
H 
X 
X 
X 
X 
QO 
QO 
Ql 
Q2 
02 
Shift 
Mode 
00 
02 
H 
H 
L 
X 
X 
X 
X 
QO 
Ql 
Q2 


H 
H 
H 
X 
X 
X 
X 
H 
QO 
Ql 
Q2 
02 


L 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
H 
Parallel 
Entry 
Mode 


L 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
HIGH 
Voltage 
Level 


L 
:: 
LOW 
Voltage 
Level 


X 
Don't 
Care 


(tn+1) 
::: I ndicatcs 
state 
after 
next 
LOW 
to HIGH 
clock 
transition. 


LIMITS 


SYMBOL 
PARAMETER 
Voo 
= 5 V 
Voo-l0V 
Voo 
- 15 V 
UNITS 
TEMP 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Quiescent 
20 
40 
80 
MIN,25°C 
XC 
~A 


Power 
150 
300 
600 
MAX 
All inputs 
at 


100 
Supply 
5 
10 
20 
MIN,25°C 
OVorVoo 


XM 
~A 
Current 
150 
300 
600 
MAX 


LIMITS 


SYMBOL 
PARAMETER 
VDD 
= 5 V 
VDD 
= 10 V 
VDD 
= 15V 
UNITS 
TEST CONDITIONS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'PLH 
Propagation 
Delay, 
CP to On or 03 
100 
180 
45 
80 
35 
64 


ns 
- 
'PHL 
100 
180 
45 
80 
35 
64 
( 
'PHL 
Propagat ion Delay. 
M R to 03 
100 
180 
45 
80 
35 
64 
ns 


'PHL 
Propagation Delay. MR to On 
100 
180 
45 
80 
35 
64 
ns 


'THL 
75 
135 
40 
70 
25 
45 


Output 
Transition 
Time 
ns 
'TLH 
75 
135 
40 
70 
25 
45 
CL=50pF, 


's 
Sel-Up Time, J, K, PO,P3 10 CP 
80 
40 
40 
20 
32 
15 
RL=200kn 


Hold Time, J, K, PO-P3 10 CP 
0 
-10 
ns 


Input Transition 
Ih 
0 
-5 
0 
-5 


's 
Sel·Up Time, PE 10 CP 
100 
60 
50 
30 
40 
20 
Times 
.Iii; 20 
ns 


Hold Time, fiE 10 CP 


ns 
Ih 
0 
-10 
0 
-5 
0 
-5 


'wCP(Ll 
Minimum 
Clock 
Pulse Width 
100 
60 
60 
35 
48 
25 
ns 


'wMR(Ll 
Minimum 
MR Pulse Width 
75 
40 
45 
25 
36 
15 
ns 


tree 
Recovery 
Time 
for MR 
180 
100 
90 
50 
72 
35 
I 
ns 


fMAX 
Maximum 
CP Frequency 
(Note 31 
4.5 
9 
9 
14 
10 
16 
I 
MHz 


NOTES: 
1. 
Additional 
DC 
Characteristics 
are listed 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 
2. 
Propagation 
Delays 
and 
Output 
Transition 
Times 
are graphically 
described 
in this section 
under 
40008 
Series 
CMOS 
Family 
Characteristics. 


3. 
For 
fMAX, 
input 
rise and 
fall 
times 
are greater 
than 
or equal 
to 
5 ns and 
less than 
or equal 
to 
20 
ns. 


4. 
It 
is recommended 
that 
input 
rise 
and 
fall 
times 
to 
the 
Clock 
Input 
be less than 
15 J,J.sat 
VOO:: 
5 V, 
4J,J.sat 
VOO 
= 10 
V, 
and 
3 J,J.sat 
VOO=15V. 


POWER DISSIPATION 
~ 
VERSUS FREQUENCY 
1 
1000 
T~I~12~OC 
III 


~ 
100J 
~~?;115V 
.•:/'. 


~ 
10 
VDDUdU. 
I 
~' 
; 
I 


ffi 
1.0 
' .I 
. "" .. 


0.. 
.;1'. 
••' 


~ 
10- 


1 
~ 
i)-' 
..,,,,,, 
~ 
..' 


0..-0: 
···t 
1" 
VDD ,,=5 V 
10-2 
'., 


~ 
i:' ....:/ 
II 
I 
is 
10-3 
ffi; 
CL- 
15 pf-- 
~ 
10-4 
CL = 50 pf 
. 


l? 
102 
103 
104 
105 
106 
107 


~ 
o 
100 


I 
>- 
-0:-' 
UJ 
C 
Zo 
~ 
(.'l 
-0: 
0.. 
oa: 
0.. 
I 
oo 
o 
•... 
0.. 
U 


70 


60 


50 


40 


30 


20 


10 


o 
-60 


PROPAGATION 
DELAY 
PROPAGATION 
DELAY 
• 


~ 
VERSUS LOAD CAPACITANCE 
VERSUS POWER SUPPLY VOL TAGE 
c 
180 
~ 
160 
c 
I 
TA = 25°C 
I 
TA = 25°C 
>- 
160 
>- 
140 
~ 
-0: 


UJ 
140 
-' 
\ 
c 
UJ 
120 
C 
'\.CL 
= 50 pf 
z 
120 
z 
0 
0 
100 
>= 
>= 
\ '\ 
-0: 
100 
VDD = 5 V 
- 
-0: 
(.'l 
(.'l 
80 
-0: 
-0: 
'\ 
'\ 
0.. 
80 
0.. 
0 
0 
60 
a: 
0.. 
60 
a: 
CL=15pf""-., 
."'-. 


V~D = 10V 


0.. 


I 
I 
40 
c 
40 
I 
0 
--------== 
0 
0 
0 
20 
ViD 
=r 
V 
0 
20 
•... 
•... 


0.. 


0 
0.. 


U 
U 
0 
0 
20 
40 
60 
80 
100120140 
160 
0 
5 
10 
15 


CL - 
LOAD CAPACITANCE 
- 
pf 
VDD - 
POWER SUPPLY VOLTAGE - 
V 


SWITCHING 
TIME 
WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


~IPHL 
-1 rtwCPIU1-tPLH-1 
\- F 


SET· UP (9 AND 
HOLD 
(thl 
TIME 
FOR SERIAL 
DATA 
(J & KI AND 
PARALLEL 
DATA 
(PO. Pl. 
P2. P31 


PE 
/ 


OUTPUT" 
---~\~ 
.,/ 


OTHER 
CONDITIONS: 
MR = HIGH 


"J &K Set-tJp Time Affects 00 Only 


MASTER 
RESET 
PULSE WIDTH. 


MASTER 
RESET TO OUTPUT 
DELAY 
AND 
MASTER 
RESET TO CLOCK 
RECOVERY 
TIME 


r'W 
M1iIL1-+-'",-l 


CLOCK 
1- 


I- 'PHL--i 


OUTPUT 
----- 
__ 
\ 
_ 
/ 


OTHER 
CONDITIONS: 
PE = LOW 


Po = P, = P2 ~ P3 = HIGH 


I 


LOAD 
PARALLEL 
DATA I 
I LOADSERIALDATA 
I 


SHIFT 
RIGHT 


PE11\\ - I//////////J - \\\\I 


tliLl 
I 
:::::{ l--thlU 
t,IHI~ 


OUTPUT 
OX 
O_n_"_Pn 
X 
On'" 
0n_l 


OTHER 
CONDITIONS: 
MR = HIGH 
"00 State will be Determined 
by J & K Inputs 
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OF DEVICES 


I 


SELECTION 
GUIDES 
AND 
CROSS 
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FAIRCHILD 
4000B 
SERIES 
CMOS- 
GENERAL 
DESCRIPTION 


DESIGN 
CONSIDERATIONS 
WITH 
FAIRCHILD 
4000B 
SERIES 
CMOS 


JEDEC 
INDUSTRY 
STANDARD 
"B" 


SERIES 
CMOS 
SPECIFICATIONS 
I TECHNICAL 
DATA 
I APPLICATIONS 
INFORMATiON 


FAIRCHILD 
ORDERING 
INFORMATION 
AND 
PACKAGE 
OUTLINES 


FAIRCHILD 
FIELD 
SALES 
OFFICES, 


SALES 
REPRESENTATIVES 
AND 
DISTRIBUTOR 
LOCATIONS 
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CMOS INTERFACE 
CIRCUITS 
8-5 
MOS to LED Segments & Digit Drivers 
8-7 
High Voltage, High Current 
Darlington 
Drivers 
8-7 
One-shot 
Multivibrator 
8-8 
Voltage Comparator 
8-8 
Power Supply Regulator 
8-8 
MOS to LED Digit Driver 
8-9 
CMOS to 7-Segment 
LED Display 
8-9 


• 


Fairchild 
manufactures 
one of the 
broadest 
varieties 
of Integrated 
Circuits 
in the world. 
In an effort 
to aid the designer 
in his 


search 
for 
compatible 
interface 
alternatives, 
listed 
below 
are a number 
of 
circuits 
manufactured 
by different 
drvisions 
of 
Fairchild 
Semiconductor 
and easily compatible 
with 
the Fairchild 
line of Isoplanar 
CMOS. 


Fairchild 
F54LSXX/74LSXX 
LOW POWER 
SCHOTTKY 
TTL 
IReference: 
Fairchild 
Low 
Power Schottky 
Data Book 
and Fairchild 
Low 
Power Schottky 
Designer's 
Guide) 


When 
Multi- 
TTL 
drive 
capability 
is required, 
the CMOS 4049B 
and 4050B 
Hex 
Buffers 
can be used to drive 
two 
standard 
TTL 
Loads with 
typical 
delay 
of 45 ns (VDD 
= 5 V). 
These devices, 
because of the deletion 
of the VDD 
input 
diode, 
allow 
High 
Voltage 
CMCS 
to 5 Volt 
TTL 
translation. 
For higher 
performance 
and additional 
drive capability 
each of the following 
Fairchild 
LOVI Power S'chottky 
devices may be used as interface/logic 
translating 
elements 
with 
capability 
of driving 
up to five 


standard 
TTL 
Loads. 
Although 
the 
Low 
Power 
Schottky 
devices 
must 
be operated 
from 
a 5 V TTL 
supply, 
they can accept 


input 
voltages 
up to 15 V, allowing 
direct 
interface 
with 
CMOS operated 
up to 15 V. 


F54LSOO/74LSOO 
F54LS85/74LS85 
F54LS189/74LS189 
F54LS352/74LS352 
F54LS02/74LS02 
F54LS86/74LS86 
F54LS190/74LS190 
F54 LS353/74 
LS353 
F54LS04/74 
LS04 
F54LS89/74LS89 
F54LS191/74LS191 
F54LS365/74LS365 
F54LS08/74LS08 
F54LS95/74LS95B 
F54LS192/74LS192 
F54LS366174LS366 
F54LS09/74LS09 
F54LS1 07/74LS1 
07 
F54LS193/74LS193 
F54LS367174LS367 
F54LS10/74LS10 
F54LS125/74LS125 
F54LS194/74LS194 
F54LS368/74LS368 
F54LS11/74LS11 
F54LS126/74LS126 
F54LS195/74LS195 
F54LS373/74LS373 
F54LS196/74LS196* 
F54LS13/74LS13 
F54LS132/74LS132 
F54LS197/74LS197* 
F54LS374/74LS374 
F54 LS14/74 
LS14 
F5~LS133/74LS133 
F54LS240/74LS240 
F54LS375/74LS375 
F54 LS15/74 
LS 15 
F54LS136/74LS136 
F54LS241/74LS241 
F54LS377 
/74LS377 
F54LS20/74LS20 
F54LS138/74LS138 
F54LS242/74LS242 
F54 LS378174 
LS378 
F54LS21/74LS21 
F54LS139/74LS139 
F54LS243/74LS243 
F54 LS379/74 
LS379 
F54LS27/74LS27 
F54LS145/74LS145 
F54LS244/74LS244 
F54 LS386/74 
LS386 
F54LS28/74LS28 
F54LS151/74LS151 
F54 LS245/74 
LS245 
F54 LS395/74 
LS395 
F54LS30/74LS30 
F54LS152/74LS152 
F54LS247/74LS247 
F54LS398174LS398 • 


F54 LS32/7 4 LS32 
F54LS153/74LS153 
F54LS248/74LS248 
F54LS399174LS399 
F54 LS33/7 4 LS33 
F54LS155/74LS155 
F54LS249/74LS249 
F54LS502174LS502 
F54LS37/74LS37 
F54LS157/74LS157 
F54LS251/74LS251 
F54 LS540/74 
LS540 
F54 LS38/74 
LS38 
F54LS158/74LS158 
F54LS253/74LS253 
F54LS541 
174 LS541 
F54LS40/74LS40 
F54LS160/74LS160 
F54LS256/74LS256 
F54 LS568/74 
LS568 
F54LS42/74LS42 
F54LS161/74LS161 
F54LS257/74LS257 
F54 LS569/74 
LS569 
F54LS47/74 
LS47 
F54LS162/74LS162 
F54LS258/74LS258 
F54 LS573/74 
LS573 
F54 LS48/7 4 LS48 
F54LS163/74LS163 
F54LS259/74LS259 
F54LS574174LS574 
F54LS49/74LS49 
F54LS164/74LS164 
F54LS260/74LS260 
F54LS670174LS670 
F54LS51/74LS51 
F54LS165/74LS165 
F54 LS266/74 
LS266 
F54LS54/74LS54 
F54LS168/74LS168 
F54LS273/74LS273 
F54LS55/74LS55 
F54LS169/74LS169 
F54LS279/74LS279 
F54LS73/74LS73 
F54LS170/74LS170 
F54LS283/74LS283 
F54LS75/74LS75 
F54LS173/74LS173 
F54LS289/74LS289 
F54LS76/74LS76 
F54LS174/74LS174 
F54 LS295/74 
LS295A 
F54LS77 
/74LS77 
F54LS175/74LS175 
F54LS298/74LS298 
F54LS78/74LS78 
F54LS181/74LS181 
F54LS299/74LS299 
F54LS83/74LS83A 
F54LS182/74LS182 
F54 LS323/74 
LS323 


·Except 
For Clock 
Inputs. 


Fairchild 
Low Power Schottky 
devices also incorporate 
a unique 
Schottky 
Diode in series with 
the collector 
of the output 
transistor. This diode allows the output 
to be pulled substantially 
higher than Vcc. Although 
the Low Power Schottky 
devices 
must 
be operated 
from 
a 5 V TTL 
supply, 
a simple external 
pullup 
resistor between the LS output 
and the CMOS V DD 


power supply 
will 
allow direct 
interface 
between 
Low Power Schottky 
Logic (VCC = 5 V) and high voltage CMOS logic, up 
to VDD 
= 10V. With 
the exception 
of the F74LSOO, F74LS02. 
F74LS04. 
F74LS10. 
F74LS11. 
F74LS20. 
and the F74LS32. 


each of the devices listed above will perform 
the low voltage to high voltage translation. 


75491 • 75492 
MOS TO LED SEGMENT 
AND DIGIT DRIVERS 


(Reference: 
Fairchild 
Linear Integrated 
Circuits Data Book) 


The 
76491 
and 
76491A, 
LED 
Quad 
Segment 
Digit 
Drivers 
interface 
MOS 
signals 
to 
common 
cathode 
LED 
displays. 
High 
output 
curre."t 
capability 
makes 
the devices ideal in time multiplex 
systems 
using 
selJTlent address or digit scan method 
of driving 
LEOs to minimize 
the 
number 
of drivers 
required. 


The 76492 
and 75492A 
Hex LED/Lamp 
Drivers convert 
MOS signals to 
high output 
.currents 
for 
LED display 
digit select or lamp select. The 
high output current capability makes the devices ideal in time multiplex 
systems using se~ent 
address or digit scan method of driVing LEOs to 
minimize 
the number 
of drivers 
required. 


75491 
• 
75491A 
• 
50 mA SOURCE 
OR SINK 
CAPABILITY 
• 
LOW INPUT 
CURRENTS 
FOR CMOS COMPATIBILITY 
• 
LOW STANDBY 
POWER 
• 
FOUR 
HIGH 
GAIN 
DARLINGTON 
CIRCUITS 
• 
10 V and 20 V OPERATION 


75492 
• 
75492A 
• 
250 mA SINK 
CAPABILITY 
• 
CMOS COMPATIBLE 
INPUTS 
• 
LOW STANDBY 
POWER 
• 
SIX HIGH 
GAIN 
DARLINGTON 
CIRCUITS 
• 
10 V AND 
20 V OPERATION 


75491 
• 
75491A 
CONNECTION 
DIAGRAM 
(TOP VIEW) 


INA 
IN 
0 


OUT 
A 


DUIA 
OUT 
0 


Vea (GNOI 
vcc 


OUT B 
OUTe 


OUT 
B 
OUTe 


IN B 
IN C 


75492 
• 
75492A 
CONNECTION 
DIAGRAM 
(TOP VIEW) 


our 
A 
IN A 


QUT B 
DUlF 


IN 
B 
IN F 


fOC IGNDI 
Vcc 


IN C 
IN E 


OUTe 
OUT 
E 


DUTO 
IN 
0 


9665 • 9667 • 9668 
HIGH VOLTAGE 
HIGH CURRENT 
DARLINGTON 
DRIVERS 


The 
9665, 
9667 
and 9668 
are comprised 
of 
seven high voltage, 
high 
current 
npn 
Darlington 
Transistor 
pairs. 
All units feature 
common 
emitter, open collector outPuts. 
To maximize their effectiveness, these 
units contain 
suppression 
diodes for inductive loads and appropriate 
emmiter-base 
resistors for leakage. 


The 
9665 
is a general 
purpose 
array 
which 
may 
be used with 
DTL, 
TIL, 
PMOS, CMOS, etc. Input current 
limiting is done by connecting 
an appropriate discrete resistor to each input. 


The 9667 has a series base resistor to each Darlington pair, thus allow- 
ing operation 
directly with TTL or CMOS operating at supply voltages 
of 5V. 


The 9668 has an appropriate 
input resistor to allow direct operation 
from 
CMOS or PMOS outPuts 
oPerating 
from 
supply 
voltages of 6 to 15 
V. 


• 
SEVEN 
HIGH 
GAIN 
DARLINGTON 
TRANSISTOR 
PAIRS 
• 
HIGH 
OUTPUT 
VOLTAGE 
(VCE = 50 vi 


• 
HIGH 
OUTPUT 
CURRENT 
(lC" 
350 mAl 
• 
CMOS COMPATIBLE 
INPUTS 
• 
SUPPRESSION 
DIODES 
FOR 
INDUCTIVE 
LOADS 


• 
2 WATT 
PLASTIC 
DIP PACKAGE 
ON COPPER 
PIN FRAME 


9665 
• 
966 7 • 
9668 
CONNECTION 
DIAGRAM 
(TOP VIEW) 
• 
INA 


.N B 
OUT 8 


IN C 


IN 0 


IN E 
OUT E 


IN F 


IN G 


GNO 


96L02 
LOW POWER DUAL 
ONE-SHOT MUL TIVIBRATOR 


Retriggerable 
Resettable Monostable 
Multivibrator 
(Reference: 
Fairchild 
Low Power TTL 
Book) 


The 
96L02 
is 
pin 
and 
function 
compatible 
with 
the 
F4528 
Dual 
Monostable 
and exhibits 
improved 
stability 
and speed. It is usable in 
5 V CMOS svstems. 


• 
TYPICAL 
POWER DISSIPATION 
OF 25 mW/ONE 
SHOT 
• 
50 ns TYPICAL 
PROPAGATION 
DELAY 
• 
RETRIGGERABLE 
0 TO 100% DUTY 
CYCLE 


• 
FAIRCHILD 
4oo0B COMPATIBLE 
INPUTS 
• 
OPTIONAL 
RETRIGGER 
LOCK-OUT 
CAPABILITY 
• 
PULSE WIDTH 
COMPENSATED 
FOR VCC AND 
TEMPERATURE 
VARIATIONS 


• 
RESETTABLE 


JJ-A775 
QUAD COMPARATOR 
VOLTAGE COMPARATOR 


In a CMOS 
system 
it may 
be necessary 
to detect 
differences 
between 


two 
voltage 
leveis 
and convert 
to 
logic 
levels. The 
JiA 775 
Ouad 


Comparator 
is capable 
of operating 
over 
the 
CMOS 
power 
supply 
range. 


These 
comparators 
have 
a 
unique 
characteristic 
in 
that 
the 
input 


common 
mode voltage range includes ground, 
even though 
operated 


from 
a 
single power 
supply 
voltage. 
Applications 
include 
limit 
comparators, 
simple 
analog 
to digital 
converters; 
pulse, 
squarewave 
and 
time 
delay 
generators 
and 
wide 
range 
V CO. 


• 
SINGLE 
SUPPLY OPERATlON-+2.0 
V TO +36 V 
• 
COMPARES 
VOLTAGES 
NEAR 
GROUND 
POTENTIAL 
• 
LOW CURRENT 
DRAIN-lOO 
IlA TYPICAL 
• 
COMPATIBLE 
WITH 
ALL 
FORMS OF CMOS 
• 
LOW INPUT BIAS CURRENT 
-25 
nA TYPICAL 
• 
LOW INPUT OFFSET 
CURRENT 
-25 
nA 


• 
LOW OFFSET 
VOLTAGE-5 
mV MAX 


/-lA78MG 4·Terminal 
Regulator 
(Reference; 
Fairchild 
/-lA78 MG. 
/-lA79 MG Data Sheet) 


This 
single 
compact 
regulator 
with 
its 
500 
mA 
capability 
is sufficient 


for 
all 
but 
the 
very 
largest 
CMOS 
systems. 
The 
adjustable 
output 


voltage 
feature 
allows 
fine 
tuning 
of system 
speed 
power 
product. 


• 
OUTPUT 
CURRENT 
IN EXCESS OF 0.5 A 
• 
POSITIVE 
OUTPUT 
VOLTAGE 
5 TO 30 V 
• 
INTERNAL 
THERMAL 
OVERLOAD 
PROTECTION 
• 
INTERNAL 
SHORT CIRCUIT 
CURRENT 
PROTECTION 
• 
OUTPUT 
SAFE AREA 
PROTECTION 
• 
POWER MINI 
DUAL 
IN-LINE 
PACKAGE 


IlAl8 MGCONNECTION 
DIAGRAM 
DlP (TOP VIEWI 


'NPUO' 
· 
COMMON 


OUTPUT 
2 
3 
CONTROL 


9664 
MOS TO LED DIGIT DRIVER 


This driver 
is ideal for driving high current 
devices such as LEOs, relays 
and lamps. High 
input 
impedance allows direct 
drive from 
Fairchild 
40008 
CMOS devices; 
however. 
there 
is some degradation 
in logic level 
at 
the 
CMOS 
output. 
The 
9664 
is specified 
to 
10 V operation, 
the 
9664A 
to 20 V. 


• 
150 mA SINK 
CAPABILITY 
• 
CMOS COMPATIBLE 
INPUTS 


• 
VERY 
LOW STANDBY 
POWER 
• 
SIX HIGH 
GAIN 
DARLINGTON 
CIRCUITS 


• 
10 AND 
20 V OPERATION 


OUTPUT 
1 
INPUT 
1 


OUTPUT 2 
OUTPUT 6 


INPUT 
2 
INPUT 
6 


liDO lGND) 
Vcc 


INPUT 
J 
INPUT 
5 


OUTPUT 
3 
OUTPUT 
5 


OUTPUT 
4 
INPUT 4 


9374 
DECODER/DRIVER/LATCH 
CMOS TO 7-SEGMENT 
LED DISPLAY 


This bipolar device contains latches for storage, a 7-segment decoder 
and 15 mA constant current drivers. The 9374 must operate at 5 V; its 
inputs 
are also limited 
to 5 V. 


• 
FAIRCHILD 
40008 
SERIES 
COMPATIBLE 
INPUTS 


• 
HIGH'SPEED 
INPUT 
LATCHES 
FOR DATA 
STORAGE 


• 
15 mA CONSTANT 
CURRENT 
SINK 
CAPABILITY 
TO 
DIRECTLY 
DRIVE 
COMMON 
ANODE 
LED 
DISPLAYS 


• 
INCREASES 
INCANDESCENT 
DISPLAY 
LIFE 


• 
DATA 
INPUT 
LOADING 
ESSENTIALLY 
ZERO 
WHEN 
LATCH 
DISABLED 


• 
AUTOMATIC 
RIPPLE 
BLANKING 
FOR SUPPRESSION 
OF 
LEADING 
EDGE ZEROS 
AND/OR 
TRAILING 
EDGE 
ZEROS 


• 


9374 
CONNECTION 
DIAGRAM 
DIP (TOP VIEW) 


This 
application 
note describes several square-wave oscillator 
circuits 
implemented 
with 
standard CMOS 
gates. In each case, appropriate 
timing equations, simplifying 
assumptions, and advantages and disadvantages 
are listed. 


In 
general, 
because of 
the characteristically 
high input 
impedance 
of CMOS logic elements, 
more cost 
effective 
oscillators 
can be constructed 
offering 
relatively 
large timing 
constants 
without 
large capacitors. 
In addition, 
the CMOS oscillator 
offers: 


• 
Very low power dissipation 
• 
Operation 
over a wide power supply voltage range of 3 to 15 volts 
• 
Operation 
over a frequency 
range of less than 1 Hz to over 23 MHz 
• 
Easy interface to other logic families 
• 
Relatively 
good stability 
with 
respect to variations 
in power supply voltage and operating 
temperature 
range 


Generally, 
the use of buffered 
CMOS gates in oscillator 
applications 
is not recommended. 
Problems occur 
because of excessive gain through 
the buffered 
element (in excessive of 106) compounded 
by the slow edge 
rates, characteristic 
of the osci!lator 
circuit. 
Ringing at the thresholds 
is very likely, 
creating false clocks in 
the system. 
This problem 
is, of course, overcome 
with 
the Schmitt 
Trigger and its associated hysteresis. 
Fairchild 
recommends 
the 4007UB, 
4069UB, 
40014B, 
4093B and 4583B for all oscillator 
applications. 
For 
simplication, 
all applications 
in this note will 
be Implemented 
using the 4069UB 
and 40014B. 


Before describing 
any specific oscillator 
circuits 
and in an effort 
to clear some confusion 
and a few miscon- 
ceptions, 
Figure 
1 illustrates 
the basic logical oscillator. 
Any 
odd number 
of inverting 
logic elements will 
oscillate 
naturally 
when connected in a ring as shown in Figure 
1. This is easily seen by treating the inverters 
as ideal switches 
or inverters 
exhibiting 
finite 
propagation 
delays and ideal switching 
characteristics. 
The 
basic result is that a HIGH 
logic level chases itself around the ring. In this case the frequency 
of oscillation 
is dependent upon the total propagation 
delay through 
the ring and is given by: 


1 
f 
~ 
2nTp 


f ~ frequency 
of oscillation 
(Hz) 
n ~ number of inverting 
gates in the ring 
T p ~ propagation 
delay per gate (seconds) 


The practicality 
of such a circuit 
is limited 
by the fact that the frequency 
of oscillation 
is dependent 
upon 
T p and therefore 
limited 
to a few specific values determined 
by T p' Furthermore, 
stability 
of such a circuit 
is heavily 
dependent 
upon 
T p's variation 
with 
temperature, 
power 
supply 
voltage 
and output 
loading. 
Figure 2 illustrates 
expected variations 
in propagation 
delay for the 4069UB. 
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The Logical RC Oscillator 


To 
overcome 
the disadvantages of the 
logical oscillator 
it is necessary to add other 
circuit 
elements 
that 
increase loop 
delay 
and thus 
reduce the effect 
of T p variation 
on frequency. 
This increase in loop delay 
necessarily 
reduces the 
upper 
frequency 
limit 
for 
a given configuration, 
but 
lends the more 
important 
advantages of frequency 
predictability 
and stability. 


Figure 
3 illustrates 
a useful 
three 
gate oscillator 
incorporating 
a resistor 
capacitor 
network 
which 
does, 
in effect, 
slow the.natural 
frequency 
of the ring oscillator 
and, assuming that the RC time constant 
is large 
enough, 
minimizes 
any 
effects 
of propagation 
delay 
and thus any 
dependence 
upon 
temperature, 
load 
capacitance, 
or operating 
voltage. With 
this in mind, 
it is assumed, hereafter 
in the analysis, that the logic 
elements are ideal, exhibiting 
negligible 
propagation 
delay. if very high oscillation 
frequencies are required, 
this assumption 
may not be valid. 


4069UB 
4069UB 
4069UB 
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As a means of determining 
a timing 
equation, 
Figure 4 illustrates 
the voltage waveforms at specific points 
in the oscillator 
circuit. 
As shown, 
the voltage waveform 
at V1 does, for short intervals of time, 
extend 
outside 
the power supply 
rails. These excursions 
are clipped at V2 by the standard input protection 
diodes 
found 
on all Fairchild 
CMOS logic inputs (Figure 5). At this point another simplifying 
assumption 
is made; 


input 
protection 
diodes 01 and 02 exhibit 
ideal characteristics. 
Since this assumption 
tends to have little 
overall effect on the voltage waveforms, 
the error is acceptably 
small. 


TO 
LOGIC 


TRANSISTORS 


01 


Once again, input 
protection 
diodes conduct 
only 
during 
t1 and t3. Similarly, 
except for input 
leakage 
current, 
Resistor R2 conducts 
only during t1 and t3. Since input 
impedance is generally very large (> 106nl 
compared 
to typical 
values for 
R1 and R2' input 
leakage currents are negligible and it is assumed they can 
be ignored. For resistor values greater than a few megqhms, this may not be valid (note n. 


t = -RC 
In (vIVO) 


Thus: 
t1 "'-R1C 
[~ 
] 
[In 
( 
VDD 
)] 
R1+R2 
VDD+VTP 


[In 
( 
VDD 
) 
+ 
In ( 
VDD 
)~+ 
I 
(VTN) 
+ 
I 
(VTP)) 
VDD 
+ VTP 
2VDD 
- 
VTN 
~ 
n 
VDD 
n 
VDD 


For those 
who 
prefer 
their 
timing 
equations 
not 
to be cluttered 
with 
details, 
several 
simplifying 
assumptions 
can 
be 
made. 
First, 
it is assumed 
that 
negative 
and 
positive 
threshold. 
voltages 
are 
equal 
(VTN 
= VTP). 


This 
is a fairly 
safe 
assumption 
since 
standard 
gates 
will generally 
exhibit 
very 
little 
hysteresis 
« 
200 
mY). 
Of course, 
this 
assumption 
is not 
valid 
for Schmitt 
Triggers. 


I 
( 
VDD 
)]+ 
21 
(VT)) 
n 
2V D D - 
VT 
n 
V D D 
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Next, 
it 
is assumed that 
CMOS is the ideal logic family 
with 
ideal transfer 
characteristics 
and thus, VT = 
VOO/2. 
As will 
be shown later, this can be a very misleading assumption. 
Nevertheless: 


[ 
OA05 
R2 
J 
T 
:::=2R,C 
--- 
+ 0.693 
R, + R2 
, 


2R,C 
[0_._40_5_R_2_ 
+ 0.693J 
R, + R2 


If R, = R2' 
f:::= 0.559/R,C 
If R,» 
R2, f:::= 0.722/R,C 
If R, «R2, 
f:::= OA55/R,C 


The last assumption 
is a very attractive 
one, greatly simplifying 
the timing 
equations, 
but can create correla- 
tion 
problems 
between 
paper calculations 
and actual 
results. CMOS is not, generally, 
an ideal logic family 
exhibiting 
ideal 
transfer 
characteristics 
and, in fact, 
guaranteed 
threshold 
limits 
allow 
variations 
in the 
timing 
equation 
constants 
which 
are much 
greater 
than those created by variations 
in R2/R, 
as implied 
above. 


Standard 
guarantees 
for 
CMOS circuits 
allow 
the actual switching 
threshold 
to lie in range from 
rou~hly 
30% of VOO 
to 70% of VOO 
(VIH 
= 0.7 VOO 
and VI L = 0.3 VOO)· 
If, in fact, actual thresholds 
are not 
near 0.5 VOO the above simplifications 
can be grossly invalid. 
As a means of illustration, 
simplified 
timing 
equations 
have been generated assuming that 
VT = 0.7 VOO and VT = 0.3 VOO' 
The results are shown in 
Figure 
7. Also 
shown 
are the results of actual 
tests performed 
on the 4069UB 
with 
manufacturing 
date 
codes from 
over three 
years of 
production. 
Actual 
data implies 
that 
more accurate 
timing 
equations 
for 
the 4069UB 
would 
be: 


For R, = R2, 
f ~ OA82/R,C 
) 
For R, = '0 
R2, 
f ~ 0.5801R,C 
For'OR,=R2, 
f:::=0.3681R,C 
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Furthermore, 
it 
should 
be noted 
that 
the 
duty 
cycle 
of 
VOUT 
will 
depend 
directly 
upon 
the actual 


threshold 
voltage. When VT ~ 0.5 VOO, a 50% duty cycle results. 


In summary, 
for 
better 
comparison 
between 
software 
and hardware, 
it may be necessary for the designer 
to more accurately 
determine 
actual threshold 
voltages. 


The Two Gate Oscillator 


A popular 
two 
gate RC Oscillator 
circuit 
is shown 
in Figure 
8. Coincidentally, 
all of 
the RC oscillator 
timing 
equations, 
RC waveforms, 
assumptions 
and arguments 
thus far also apply to the circuit 
in Figure 8. 
The only 
real problem 
with 
this circuit 
is that it may not oscillate for certain values of capacitance. 
Unlike 
the logical oscillator 
circuit 
of Figure 
1 which 
oscillates 
naturally 
and the frequency 
of oscillation 
is only 
slowed 
and stabilized 
by an RC network, 
the 
two gate circuit 
is forced 
to oscillate 
by the RC network. 
To illustrate 
this point, 
allow 
C to go to zero. The result 
is a circuit 
as shown in Figure 9 which obviously 


will 
not oscillate 
in an acceptible 
manner. 
However, 
gate count 
may be a critical 
factor 
in a design and the 
two gate oscillator 
circcJit i~ often 
employed. 
"OT'O"' 


R2 
R, 
C 


v, 
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The Schmitt 
Trigger Oscillator 


Where gate count 
is a critical 
factor, 
Figure 
10 shows an Oscillator 
constructed 
from 
a single Inverting 
Schmitt 
Trigger. 
This circuit 
consumes only 
1/6 of a package allowing 
the other five inverters to be utilized 
elsewhere in the system. It should be noted that the single stage oscillator 
is only practical 
where substantial 


hysteresis is provided 
by the logic element 
(i.e., Schmitt 
Triggers). 
It should, also, be noted that switching 
thresholds 
of 
the Schmitt 
Trigger 
are not 
as insensitive 
to variations 
in the power 
supply 
voltage. 
This 
circuit 
is best 
in 
those 
applications 
with 
relaxed 
requirements 
on frequency 
stability 
or where 
power 
supply voltages are well regulated. 
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Figure 
11 illustrates 
the 
voltage 
waveforms 
on 
the 
input 
and 
output 
pins 
of the 
Schmitt 
Trigger. 
Assuming 
that 
tl 
+ t2» 
tpLH 
+ tpHL 
the 
time 
period 
T for one cycle 
is: 


T 
"" tl 
+ t2 


Where: 
tl 
~ 
-RC 
In (VDD 
- 
VTP 
) 
VDD 
- 
VTN 


t2 
~ 
-RC 
In (VTN_) 
VTP 


or: 
T ~-RC 
~n 
(VTN)+ 
In (VDD 
- 
VTP \] 
L' 
VTP 
VDD 
- 
VTN J 


or: 
T~RC 
[In 
(VTP) 
+ In 
(VDD 
- 
VTN 
) 
] 


VTN 
VDD 
- 
VTP 


To simplify 
the equation, 
we can assume from 
the 400148 
data sheet that at VDD 
= 10 V, VTN = 6.8 V 
and VTP = 3.2 V, typically. 


Once again, from 
Figure 
12, it can be determined 
that the simplification 
above may not be valid 
because 
of possible variations 
in actual thresholds 
within 
the guaranteed worst case limits 
versus the typical 
thres- 


holds assumed above. 
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FIGURE 
12. 
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FOR THE 400148 


8ased on actual 
test data performed 
on 400148 
devices with 
a variety 
of manufacturing 
date codes, the 
following 
equation 
was determined: 


f 
"'" 0.631/RC 
For R = 1 K.I1 to 1 M.I1 
and: 
C=10pFto100pF 
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The Gated Oscillator 


Often 
the designer will 
have a need to enable or disable the free running 
oscillator 
at will. 
This is easily 


accomplished 
by adding 
a diode to the RC Oscillator 
circuit 
as shown in Figure 
13. In one direction 
the 
diode 
provides 
an active 'HIGH 
Enable input 
and in the other an active LOW Enable input. 
With 
proper 


selection of the RC components, 
power dissipation 
in the disabled state can be minimized. 
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ENABLE -----vr--', 
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A CMOS Crystal Oscillator 


For those applications 
requiring 
extreme 
stability 
of the oscillation 
frequency, 
a CMOS Crystal 
Oscillator 


circuit 
is shown in Figure 
14. Actual 
resistor and capacitor 
component 
values are determined 
by the desired 


output 
frequency 
and characteristics 
of the crystal 
employed, 
Any 
odd number 
of inverting 
gates may be 


used in the circuit. 
However, 
maximum 
operating 
frequency 
will 
be limited 
by total 
propagation 
delay 


through 
the oscillator 
ring. 


Finally, 
in applications 
demanding 
such stringent 
stability, 
it is not uncommon 
for the designer, for reasons 
of 
both 
accuracy 
and cost, 
to select highest 
possible 
operating 
frequency. 
The result is an often 
critical 
tradeoff 
between 
tolerable 
power 
dissipation 
and acceptable 
accuracy. 
For the circuit 
of Figure 
14, as 
operating 
frequency 
is increased by a factor of ten, power dissipation 
will also approximately 
increase by a 
factor 
of ten. Only the designer can acceptably 
resolve this tradeoff. 


Summary 


Simple 
CMOS 
inverting 
gates provide 
an attractive 
solution 
to 
oscillator 
applications 
providing 
better 
stability 
(especially 
at low 
frequency), 
very 
low 
power dissipation, 
wide operating 
power supply 
voltage 
range and relatively 
easy interface 
to other logic families. 


This note has offered 
several alternative 
designs for CMOS oscillators 
each with 
its own advantages, disad- 
vantages and simplifying 
assumptions. 
From the information 
presented herein, the designer has the capability 
of selecting the circuit 
and the characteristic 
tradeoffs 
best suited to his specific application. 


Note 
1. As a general rule, assuming worst case data sheet limits. input leakage current will have approximately 
a 10% affect upon the timing 


equation 
when Rl 
= 1.5 Mil at VDD 
= 15 V, 10 Mil at VDD 
= 10V and 5 Mil at VDD 
= 5 V. 
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APPLICATION 
OF THE 4702B, 
PROGRAMMABLE 
BIT-RATE GENERATOR 


The industry 
standard 
Universal Asynchronous 
Receiver/Transmitter 
(UART), 
an MOS/LSI 
subsystem, has 
had a considerable 
impact 
on data-communication 
system design. Not 
only 
has the UART 
dramatically 
reduced chip 
counts 
and increased reliability, 
etc., but 
it has also provided 
an incentive 
to integrate 
the 
remaining 
support 
functions. 


One such subsystem is the 47028 
programmable 
bit-rate generator, designed to provide the necessary clock- 
ing signals to operate asynchronous 
transmitter 
and receiver circuits. 
Several standardized 
signaling rates are 
used for start-stop 
communication 
depending on the transmission 
medium and other system requirements. 


The equipment 
must be capable of generating all the necessary frequencies and provide a way to select the 
desired one. In the past, this required 
several SSI/MSI circuits. 
Now, the 47028 
can perform 
the task more 
easily and economically. 


The 47028 
provides anyone 
of the 13 common 
bit rates on a selectable basis using an on-board oscillator 
and an external 
crystal; 
it also is expandable for multichannel 
applications. 
In its most general form, 
multi- 
channel clocking 
requires that any of the possible frequencies must be available on any channel. Expansion 
up to eight channels is accomplished 
without 
device duplication. 
In multiple-device 
systems, there is no need 
to 
use a crystal 
with 
every device. Figure 
1 shows the block 
diagram of the 47028 
which 
consists of the 
following 
major parts: 


• 
Oscillator 
and associated gating 
• 
Scan counter 
• 
Count chains 
• 
Initialization 
circuit 
• 
Multiplexer 
and output 
storage 


Oscillator 
and Associated Gating 


The oscillator 
circuit 
together 
with 
an external 
crystal generates the master timing. 
A 2.4576 MHz crystal 
provides 
16 times the frequency 
of the baud values marked; for example, 9600 baud corresponds to 153.6 
kHz. 
If the External 
Clock 
Enable (ECpl 
is HIGH, 
the oscillator 
output 
signal drives the count 
chain. On 
the other 
hand, if it is LOW, the External 
Clock 
(CP) signal is enabled and is then the timing 
source. The 
External 
Clock 
input 
also participates 
in the device initialization 
scheme. The master timing 
signal, either 
from 
the external 
source or the local oscillator, 
is available on the Clock 
Output 
pin (CO). This signal can 
be used to drive other 47028's 
in a multiple 
device system, thus eliminating 
the need to provide more than 
one crystal. 


The master timing 
drives a 3-bit 
binary scan counter 
which, 
in turn, drives the remaining counter 
chains on 
the chip. The scan counter 
allows expansion 
to eight channels as described later. The prescaling feature of 
this counter 
provides another benefit, 
i.e., it moves the input 
frequency 
to 2.4576 
MHz which 
is ideal for 
low-cost 
crystals. 
If it were not for the scan counter, 
the 47028 
would 
require a more expensive crystal of 
about 300 kHz. 


The scan counter 
output 
drives an 8-bit 
binary 
counter 
which 
provides the frequencies 
corresponding 
to 
9600, 4800, 
2400, 
1200, 600, 300, 
150 and 75 baud. The 1800-baud signal is generated by dividing 
9600 
by 
16/3. 
The 
110 and 134.5 baud signals are approximated 
by dividing 
2400 by 22 and 18 respectively. 
Dividing 
1200 by 6 gives the 200 baud signal, while 
50 baud is generated by dividing 
200 baud by 4. All 
division 
factors except 16/3 are even; thus, all outputs 
except 1800 baud have a 50% duty cycle. 


The actual division 
by 16/3 is achieved by using a sequence of integers 5 and 6 such that cumulative 
error 
after every three cycles is zero. This scheme, in conjunction 
with the divide by 16 performed 
in the UART, 
achieves good timing 
accuracy demanded 
by high speed communication 
equipment. 
Calculations 
indicate 
that the maximum 
distortion 
introduced 
does not exceed 0.78% regardless of the number of elements in a 
character. 


This circuit 
generates a Master Reset signal to initialize 
the flip-flops 
on the 47028 
to a known state. If the 
External 
Clock 
Enable (ECp) is LOW, the local oscillator 
output 
is inhibited 
and timing 
is derived from the 
External 
Clock 
(CP). The first positive half cycle of the External 
Clock is used to generate the Master Reset 
and all succeeding 
clock 
signals are used for timing. 
This initialization 
scheme allows software-controlled 
diagnosis for fault 
isolation. 
• 


Multiplexer 
and Output 
Storage 


All 
the desired outputs 
from 
the count 
chains are fed as data inputs to a multiplexer. 
The select inputs for 
this multiplexer 
are brought 
out as Rate Select input 
(SO - 
S3). Table 
T shows the correspondence 
between 
this code and the resulting 
frequency. 
The multiplexer 
output 
is fed as data input 
to a resynchronizing 
flip-flop 
that is clocked 
by the leading edge of the master timing. 


If only single-channel applications 
of the 4702B were considered, the output 
flip-flop 
would 
be unnecessary. 
In multichannel 
applications, 
however, 
the 
Rate Select 
inputs change as a function 
of the Scan Counter 
output 
(00 
- 
02). 
The resynchronizing 
flip-flop 
assures a fixed timing 
relationship 
between 00 - 
02 and 
the Bit Rate output 
(Z). 


Three important 
features should 
be noted from 
Table 
T. First, two of the select codes specify Multiplexed 
Input 
(1M) signal as the data source to the multiplexer. 
The user can feed a signal into this input, 
however, 
the primary 
intent 
was to feed a static 
logic level to achieve a "zero 
baud" 
situation. 
Secondly, 
the codes 
corresponding 
to 110, 150,300, 
1200 and 2400 baud each have a maximum 
of only one LOW level. These 
are the most commonly 
used rates in contemporary 
data terminals. 
Thus the rate select mechanism on these 
terminals 
need only 
be a single-pole 
5-position 
switch 
with 
the common 
terminal 
grounded. 
Thirdly, 
2400 
baud is select by two 
different 
codes so that 
the whole 
spectrum 
of 
modern 
communication 
rates will 
have a HI GH code in the most significant 
bit position. 


In those applications 
where the Rate Select inputs are static levels, operation 
of the 4702B 
is rather straight- 


forward. 
The multiplexer 
connects the specified 
counter 
output 
to the data input 
of the output 
flip-flop. 


Because the flip-flop 
is clocked 
by the master timing, 
its output 
reflects the selected frequency. 


Figure 2 shows the simplest 
of all 4702B 
applications. 
This circuit 
provides one of five possible bit rates as 
determined 
by the setting of the 5-position 
switch. The generated frequencies correspond 
to 110, 150, 300, 
1200, and 2400 baud depending 
on the switch 
setting. For many low cost terminal 
applications, 
these five 
selectable 
bit 
rates are adequate. 
The 4702B 
is not 
only 
intended 
for 
single-channel 
but also for 
multi- 


channel operation, 
as illustrated 
in the following 
applications. 
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Table 
1. 
Truth 
Table 
for 
Rate 
Select 
Inputs 
Generator 
Configuration 
Providing 
5 Bit Rates 


Multichannel 
Bit-Rate 
Generation 


Figure 3 illustrates a fully programmable 8-channel bit-rate generator system. Two 4 x 4 register file devices 
(9LS170) can be loaded with information (rate select codesfrom Table 1) relating to the desired frequency 
on a per-channel basis.For clarity, circuits for writing into the files are not shown. 


The least significant Scan Counter outputs (QO,Q1) control the Read Address of the 9LS170s while the 
most significant output 
(Q2) controls the Read Enable (RE) inputs. Thus, as the counter advances:file 
locations are read out sequentially. The Scan Counter outputs are also the Address inputs for the 93L34 
addressablelatch. The Bit Rate output (Z) of the 4702B is the Data input to the 93L34 while the Clock 
Output is the Enable input. 


To understand the operation, consider the instant when the ScanCounter outputs become Zero (QO- Q2 
= LOW). The same clock that incremented this counter to Zero also clocked the counter output, corres- 
ponding to the selected frequency for channel 7 into the output flip-flop, and disabled the 93L34 latch via 
the Clock Output (COI. thus preventing any change in the latch outputs while the Scan Counter outputs 
and the Bit Rateoutput (Z) are changing. 


During the second half of the clock cycle, when the Clock Output (CO) is LOW, the counter output repre- 
senting the selected frequency for channel 7 is loaded into the 93L34 latch and is locked up on the QO 
output. 
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Rate Select inputs 
(SO - 
53) to select the appropriate 
internal 
frequency, 
so that during the next LOW-to- 
HIGH 
clock 
transition, 
the state of this 
internal 
signal is clocked 
into 
the output 
flip-flop. 
Thus, 
each 
channel 
is sequentially 
interrogated 
and the 93L34 
latch 
is updated at least once during 
each half cycle 
of the highest output 
frequency 
(9600 baud). 


By connecting 
the Scan Counter 
output 
Q2 to the Multiplexed 
input 
(1M) a similar technique 
can be used 
to implement 
a system with 
a maximum 
output 
frequency 
of 19,200 baud, however, the number of chan- 
nels must 
be limited 
to four. 
This ensures that the output 
will 
be interrogated 
and updated 
at least once 
during each half cycle of the highest output 
frequency 
(19,200 baud). 


Jumper 
Programmable 
8-Channel 
Bit-Rate 
Generator 


In systems where channel-speed assignments remain relatively 
fixed, software-controlled 
channel assignment 
is not 
necessary or practical. 
It may be simpler 
to program with 
"jumpers" 
at appropriate 
places in the 
system. See Figure 
4. 
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In the jumper 
programmable 
8-channel 
bit-rate 
generator, 
the scan counter 
outputs 
(00 
- 
02) 
are fed as 
Address 
inputs 
to 
a 93L01 
decoder 
and a 93L34 
addressable latch. 
The decoder 
outputs 
drive the diode 
clusters 
which 
contain 
four 
diodes 
for 
each channel. 
All 
four 
diode cathodes 
in a cluster 
are connected 
together 
to a decoder output; 
the anodes of corresponding 
diodes in every cluster are connected 
together 
to 
the appropriate 
Rate Select 
inputs 
of the 47028. 
Presence of a diode 
results in a LOW on the particular 
47028 
input; 
when a diode 
is absent, a HIGH 
results. As the scan counter 
advances, the decoder 
outputs 
activate 
the 
desired 
bit-rate 
code for 
that 
channel. 
The 93L34 
synchronously 
demultiplexes 
the 47028 
output 
(Z) and reconstructs 
the specified 
bit rates at its output. 


32 Times Frequency 
Bit Rates 


The 47028 
is designed 
to generate all the common 
communication 
bit 
rates at actual frequencies 
of 
16 
times the selected bit 
rate. The 16 times frequency 
is sufficient 
to operate UARTs. 
However, some recent 
LSI devices 
intended 
as UART 
replacements 
require 
32 times frequency 
on their 
clock 
inputs. 
This note 
describes 
an elegant 
scheme to 
achieve this without 
a corresponding 
increase of 
the crystal 
frequency. 


Figure 
5 illustrates 
a fully 
programmable 
8-channel 
system. 
Two 
9LS170 
devices are used to 
store 
the 
channel 
frequency 
selection 
information. 
These devices can be loaded with 
information 
on a per channel 
basis. For clarity, 
circuitry 
for writing 
into 
these devices is not drawn. The least significant 
SCAN counter 
outputs 
(00 
and 01) 
of the 47028 
are used as the read address inputs of the 9LS170s. 
The most significant 
bit 
(02) 
is used to control 
the 
read enable 
(RE) 
inputs 
of the 9LS170s. 
The 00 
- 
02 
outputs 
of the 
47028 
are also the inputs to a 9LS138 
decoder. The clock output 
(CO) of the 47028 
is used to control 
one 
enable input (El) of the 9LS138. 
The CO output 
is also the clock 
input 
(CP) for the 9LS164 
shift register. 


The Z output 
of the 47028 
is the data input 
(A) to the 9LS164. 
The Z output 
of the 4702B 
is also tied 
into 
an exclusive 
NOR gate (40778) 
as one input. 
The second input 
to the exclusive 
NOR gate is the 07 
output 
of the 9LS164. 
The output 
of the exclusive NOR gate controls 
the second enable.input 
(E2) of the 
9LS138. 
The outputs 
(00 - 
07) 
of the 9LS138 
are the desired output 
clock signals. 


To understand 
the operation 
of this circuit, 
consider the LOW-to-HIGH 
transition 
of the CO output 
of the 
47028 
when 
the 
SCAN 
counter 
outputs 
change from 
"7" 
(HHH) 
to "0" 
(LLL). 
From this transition 
to 
the next 
LOW-to-HIGH 
transition 
of the CO, the Z output 
of the 47028 
reflects the state of the channel 7 
counter 
output. 
The 00 
- 
02 
outputs 
of the 47028 
are LOW and hence information 
for channel 0 will 
be 
available on the 9LS170 
outputs. 
The So - 
S3 inputs of the 47028 
are connected 
to the 9LS170 
outputs. 


On the 
LOW-to-HIGH 
transition 
of 
the 
CO outpt.;t 
channel 
0 counter 
will 
be clocked 
to the Z output. 
This 
transition 
also clocks 
the 9 LS 164. The SCAN 
counter 
also increments 
on this 
transition 
and will 
point 
to channell. 
As the clocking 
continues, 
9LS170 
locations 
will 
be read out sequentially 
and informa- 
tion 
will 
be shifted 
into 
the 9LS164. 
After 
eight clock 
transitions 
the previous channel 7 output 
will 
be at 
the 07 
output 
of the 9LS164, 
and the current 
channel 7 output 
will 
be on the Z output 
of the 47028. 
The 
output 
of the exclusive 
NOR gate will 
be LOW if the inputs differ; 
i.e. whenever the channel 7 output 
is to 
make a transition 
the output 
of the exclusive 
NOR gate will 
be LOW. The CO output 
is connected 
to the 
E2 input 
of 
the 93LS138 
and durir.g 
the negative half cycle of the clock 
the 00 
output 
of the 9LS138 
will 
be LOW. The 47028 
internal 
counters 
generate 16 times the selected bit rate. The exclusive NOR gate 
is generating 
a signal whenever 
the selected counter 
is making 
a transition. 
This scheme will 
result 
in 32 
times the selected bit 
rate. As the clocking 
continues 
each channel 
is serially 
appearing 
on the 07 output 
of 
the 9LS164 
and will 
be compared 
with 
the corresponding 
current 
channel 
output. 
The 9LS138 
will 
then represent the appropriate 
frequency 
at its output 
as shown in Figure 5. 


The basic 47028 
can be expanded 
to a maximum 
of eight channels. In applications 
where more than eight 
channels are needed, the 47028 
must be duplicated. 
The device is designed with 
a ciock-expansion 
feature; 
therefore 
only one crystal 
is required 
to operate all the channels. 


The most economical 
expansion 
scheme provides one 41028 
with 
a crystal and all other devices derive their 
timing 
from 
this master. The device wiring 
is such that the External 
Clock Enable input and Ix input 
of all 
but the master device feeds into the External 
Clock input of all the other devices. The Clock output 
of each 
device 
is connected 
to 
its associated 
93L34 
Enable 
input 
as before. 
An 
alternative 
scheme is shown 
in 
Figure 6. 
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The advantage of this scheme is that 
it can be conveniently 
used to implement 
the software 
external 
clock 
feature 
mentioned 
previously. 
Imagine that 
the External 
Clock 
Enable (ECp) 
inputs 
of all the 4702B's 
in 
the system are controlled 
by the output 
of a flip-flop 
(mode) and the External 
Clock inputs 
(CP) of all the 
devices 
are tied 
together 
and 
software 
driven, 
possibly 
by 
operating 
another 
flip-flop. 
During 
normal 
operation, 
the 
mode 
control 
is HIGH, 
thus 
selecting 
the 
crystal 
oscillator 
for timing. 
Also, the external 


Clock 
input 
of each device is held LOW. When the External 
Clock Enable goes LOW, in preparation 
for the 
diagnostic 
mode, all devices receive their timing 
from the External 
Clock input. 
When this input goes HIGH 
for the first 
time, all devices generate an internal 
Master Reset signal clearing their counter 
chains. The next 
HIGH-to-LOW 
transition 
sets the internal 
control 
flip-flop 
and thus terminates 
the 
Reset; all counters 
are 
free to start counting 
in response to the External 
Clock signal. 


• 


USING THE.47038 
FIFO 


The First-In 
First-Out 
(FIFO) 
memory 
is read/write 
memory 
which automatically 
stacks the words in the 


same order 
as they 
were entered 
and makes them available at the output 
in the same sequence, 
thus its 
name first-in first-out . 


• 
An input 
register with parallel and serial data inputs as well as control 
inputs and outputs 
for input 
handshaking 
and expansion . 


• 
An output 
register with parallel and serial data outputs, 
control 
inputs and outputs 
for output 
hand- 
shaking and expansion. 


Parallel data is entered 
into the input register by using DO through 
03 as data inputs and Parallel Load (pL) 
as the strobe. A HIGH at the PL input operates 
the direct set and clear inputs of the input-register 
flip-flops. 
The quiescent 
state of the PL input is LOW. 


To enter data serially, Os is used as the data input and CPSI as the clock. The input 
register responds 
to 
the HIGH-to-LOW clock transition 
and the quiescent 
state of the CPSI input is LOW. For the CPSI to effect 
shifting, the Input Expand Serial (rES) input must be LOW. 


Whenever 
the 
input 
register 
receives four data 
bits whether 
by serial or parallel entry, 
the status 
output 
signal, Input 
Register 
Full (IR"F'l, goes LOW. If the Transfer 
to Stack (TTS) input is aCfivated with a LOW 
pulse, data from the input register is transferred 
into the first stack location 
(provided 
it is empty). 
As soon 
as data is transferred, 
the control 
logic attempts 
to initialize the input register so that it can accept another 
word; however, 
the initialization 
is postponed 
until the PL input is LOW. The device is designed so that the 
TRF output 
can be connected 
to the TTS input. Thus, when a data word is received by the input register, it 
automatically 
enters the stack and falls through 
toward the output, 
pausing only as needed for an "empty" 


location. 


Normally, 
the Output 
Register 
Empty 
(ORE) is LOW, indicating 
that the output 
register does not contain 
valid data. As soon as a data word arrives in the register, the ORE output 
goes HIGH, indicating 
the presence 
of valid data. 
If the Output 
Enable (EO) input is LOW, the 3-state buffers are enabled and data is available 
on the 00 through 
03 outputs. 
. 
. 


Data can be extracted 
either 
serially or in parallel. 
The Os is used for serial data output 
and CPSO for the 
clock 
input. 
The Os output 
is also available 
through 
a 3-state 
buffer; 'however 
its enabling 
is controlled 
internally. 
Output 
register 
shifting 
occurs 
on the HIGH-to-LOW transition 
of the CPSO whose quiescent 
state 
is LOW. As soon as the last data bit is shifted 
out, the ORE output 
goes LOW, indicating 
that the 
output 
register is empty. 


The quiescent 
state of the TOS input 
is LOW. A HIGH-to-LOW transition 
on this input causes new data to 
be loaded 
from 
the stack 
into the output 
register 
(provided 
data 
is available). 
The ORE 'output 
can be 
connected 
to the TOS input so that as soon as the last bit is shifted out, new data is automatically 
demanded. 


The quiescent 
state of the TOP input is HIGH and a LOW-to-H IGH transition 
causes new data to be loaded 
into the output 
register. 
Moreover, 
a HIGH level on the TOP input causes the PRE~ to go LOW. The TOP 
input can be connected 
to the EO input so that the output 
data can be enabled when EO is LOW. When the 
output 
is disabled, 
new data is automatically 
demanded. 
It should 
be noted that 
the TOS input does not 
affect the ORE output. 


The FI Fa 
is initialized 
by a LOW signal on the Master Reset (MR). This causes the status outputs, 
fRF and 
ORE, to assume an empty 
state; 
i.e., IRF is then 
HIGH and ORE LOW. It is important 
to remember 
that 
the MR does not clear all the data flip-flops; it only initializes the control. 
Specifically, 
the 00 - 03 outputs 
are not affected 
by the Master Reset. 
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Parallel 
Input 


Serial Output 
Enable 
Input 
(Active 
LOW) 
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Input 
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LOW) 


Master 
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Full 
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LOW) 


Output 
Register 
Empty 
Output 
(Active 
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Serial 
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Expansion 


The 
47038 
can 
be 'vertically 
expanded 
to store 
more words 
or horizontally 
expanded 
to store 
longer 
words 
(in multiples 
of four 
bits) without 
external 
logic. Also, the expansion 
scheme fully preserves the 
parallel/serial 
data 
features. 
To 
illustrate 
the 
expansion 
connections, 
a F IFa 
array 
consisting 
of eight 
devices 
is shown 
in Figure 
2. If there 
are m devices 
in a row and n rows, the array provides 
(15n + 1) 
words of storage with 4m bits in each word. The reduction 
in storage to (15n + 1) words instead of 16n is 
quite 
common 
in such expansion 
(see explanation 
at end of this section). 
Data is entered 
into devices 1 
through 
4 and extracted 
from devices 5 through 
8. 


The DS inputs of the first four devices are bussed together 
and serial data is entered 
on this line. The CPSI 
inputs are also connected 
together 
for clocking 
the serial data. The IES input of device 1 is connected 
to 
ground, 
while the IES inputs of devices 2, 3 and 4 are each connected 
to the iRF output 
of the preceding 
device. The i"RF output 
of device 4 feeds into the TTS inputs of all four devices. 


After initialization 
by a LOW level on the MR input, 
the IRF outputs 
of all four devices are HIGH. Under 
these 
conditions, 
only 
device 
1 responds 
to the CPSI because 
its IES input 
is LOW. The first four clock 
pulses shift four data bits into the device 1 input register; its iRF output 
then becomes 
LOW. The first data 
bit is located 
in a flip-flip corresponding 
to the DO input of device 1. Control 
logic inhibits the CPSI from 
further 
affecting this device. 
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Because the 
IES input 
of 
device 
2 is now 
LOW, the clock 
starts shifting 
data into the input 
register of 


device 2. On the eighth clock pulse, the fRF output 
of device 2 goes LOW and disables shifting or device 2. 
This process continues 
on devices 3 and 4. Therefore, 
on the 16th clock pulse, the fRF output 
of device 4 
becomes LOW and activates the TTS inputs 
of all devices. The stack control 
logic in each device responds 
by transferring 
data into each stack from 
the respective input 
register, and the input 
registers are initialized. 


Thus the IRF outputs 
of all devices become 
HIGH 
once again. An automatic 
priority 
scheme assures that 
if the IRF output 
ofdevice4 
is HIGH, the input 
registers of all four devices have been initialized. 
The timing 
diagram for 16 bits of serial entry 
into the array is shown in Figure 
3. 


Parallel entry 
into 
the array is made with 
a HIGH level on the PL inputs. The same conditions 
prevail in the 
input 
section 
that 
exist 
after 
the 
16th 
clock 
pulse in the serial entry 
mode. 
The stack controls 
do not 
initialize 
the input 
registers until 
the PL inputs are LOW to assure proper device operation. 


Data loaded into 
the stacks eventually 
arrives at the output 
registers of the first four devices. Normally, 
the 
ORE outputs 
are LOW due to initialization; 
however, as soon as data is loaded into each output 
register, the 
ORE goes HIGH. 
An automatic 
priority 
scheme, similar to the one for data entry, 
also exists at the output. 


Thus a HI GH level on the 0 VIE output 
of device 4 guarantees that 
val id data is present in all the output 
registers. 


The ORE output 
of device 4 is connected 
to the PL inputs 
of devices 5 through 
8, as well as to the TOS 
inputs 
of the first 
four 
devices. It should 
be noted that 
if serial extraction 
from 
the output 
is not desired, 
the TOS inputs 
can be connected 
to ground 
instead. The EO inputs of the first four devices are connected 
to ground; 
thus the contents 
of an output 
register are available on the appropriate 
outputs. 


The HIGH 
level on the ORE outputs 
of device 4 activates the PL inputs of devices 5 - 
8, thus forcing 
the 
data outputs 
from 
each device 
in the first 
row into 
the input 
register of the corresponding 
device in the 
second row. 
The IRF output 
of device 8 is connected 
to the TOP inputs 
of devices 1 - 
4 and to the TTS 
inputs 
of devices 5 - 
8. Because the 
PL inputs 
are HIGH, 
the !RF outputs 
of devices 5 - 
8 are LOW, 


therefore 
establishing 
a LOW on the TOP inputs 
of devices 1 - 
4. This causes the ORE of devices 1 - 
4 to 
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devices 
5 - 
8 initialize 
their 
respective 
registers 
and the TRF 
outputs 
go HIGH. An automatic 
Priority 
scheme 
is also present 
at the inputs of devices 5 - 8. The HIGH on the iRF output 
of device 8 restores the 
TOP inputs of devices 1 - 4 to the quiescent 
state. 


If the stacks of devices 5 - 8 are full, activating 
the TTS inputs by the LOW IRF output 
of device 8 would 
not initiate 
a data transfer 
from the input 
registers. The iRF output 
of device 8 would remain LOW until 
the data can be successfully 
transferred 
into the stacks. Thus, as long as devices 5 - 8 are holding 
16 words, 
the iRF output 
of device 8 remains LOW. This also holds the TOP inputs of devices 1 - 4 LOW. As long as 
they remain 
LOW, data cannot 
be loaded into the output 
registers from the stacks because a LOW-to-HIGH 
transition 
at the TOP inputs 
is needed 
to demand 
new data. 
Under 
these 
circumstances, 
devices 1 - 
4 
temporarily 
lose the ability 
to use their output 
registers and hence can hold only 15 words. As a result, the 
two rows have a storage capacity 
of 31 words instead of 32; and, for the'general 
case, the storage capacity 
of an n-row array is (15n + 1) instead of 16n. 


The data loaded 
into the stacks eventually 
arrives at the output 
registers of devices 5 - 
8, at which time 
the ORE outputs 
go HIGH from the 
LOW state 
originally 
initialized 
by the 
MR input. 
The automatic 
priority 
scheme 
is still in effect, 
and the data from the output 
can be extracted 
either 
in serial or parallel 
format. 


The Os outputs 
of devices 5 - 
8, each available through 
a 3-state 
buffer, 
are connected 
together 
and the 
serial data output 
from the array appears on this line. The CPSO inputs are also connected 
together 
and the 
line driven 
by the output 
clock. When there 
is no valid data in the output 
register, Os is disabled 
and is 
therefore 
in a high impedance 
state. 


The OES input of device 5 is connected 
to ground 
and device 6, 7 and 8 each receive its OES input from 
the preceding 
device. As soon as data arrives in the output 
registers of devices 5 - 8, the ORE outputs 
go 
HIGH and the 3-state buffer of device 5 is enabled so that its Os output 
becomes identical to its 00 output. 
The Os outputs 
of devices 5 - 
8 are in a high impedance 
state. The clock on the CPSO input shifts the 
device 5 output 
register and data is shifted out in the same bit order as entered 
at the array input. After the 
fourth 
clcok 
pulse, the ORE output 
of device 
5 goes LOW and 
its Os output 
is disabled 
into the high 
impedance 
state. 


The OR E output 
of device 5 establishes 
a LOW on the OES input of device 6. This enables its Os output 
buffer and a signal, corresponding 
to that of the 00 output, 
appears on the serial output 
line. Device 6 now 
responds 
to the clock 
inputs 
and, after 
shifting 
the data 
out, its Os output 
goes into a high impedance 
mode. The LOW on the ORE output 
of device 6 enables device 7. This process continues 
until the last data 
bit has been shifted 
out of device 8, at which time its ORE output 
goes LOW. This activates theTaS 
inputs 
of devices 5 - 
8 and new data can then be loaded from the stack when available. The timing diagram for 
16 bits of serial data extraction 
is shown in Figure 4. 


Data can be extracted 
from the array in parallel by activating 
the TOP inputs of devices 5 - 8 LOW. New 
data 
is loaded 
into the output 
registers 
on the LOW-to-H IGH transition 
of this input. 
The TOP and EO 
inputs can be connected 
together 
so that data can be automatically 
extracted. 


Automatic 
Priority Scheme 


Most conventional 
FIFa designs provide status 
signals analogous 
to the TRF and ORE outputs. 
However, 
when 
these 
devices are operated 
in arrays, 
unit-to-unit 
delay 
variations 
require 
external 
gating to avoid 
transient 
false-status 
indications. 
This is :::ommonly referred 
to as composite-status 
signal generation. 
The 
design of the 4703B 
FIFa eliminates 
this problem. 
An automatic 
priority 
feature 
is built in to assure that 
a slow device will automatically 
predominate, 
irrespective 
of location 
in the array. 


In Figure 3, devices 
1 and 5 are defined 
as "row 
masters". 
Devices 2, 3 and 4 are "slaves" 
to device 
1 
while devices 6, 7 and 8 are slaves to device 5. The row master is established 
by sensing the IES input during 
the period 
when 
the 
MR input 
is LOW. Because of the initialization, 
the iRF outputs 
of all devices are 
HIGH for a short time after the HIGH-to-LOW transition 
of the MR input. 
Thus IES inputs of all devices 
except 
1 and 5 are HIGH. This condition 
is sensed by the device logic to establish the row mastership. 


, , 
, , 


10--" 
~ 
~--------.-.' 
I 


I 
" 
I 
I 
, 


1D---+-t 
I------ 
_______________ 
:~: 
I 


I 
I 


, 
" 
IO+---f 
•.•.. 
- 
_______ 
... 
:__ 
'I 


, , 
, 
" 


110 ---i 
t--- 


~ 


All devices 
in any 
given 
row 
transfer 
data 
from 
their 
input 
registers 
into 
the 
corresponding 
stacks 
simultaneously. 
However, 
no slave can initialize 
its input 
register 
until 
its IES input 
goes HIGH. Thus 
initialization 
starts with the row master and eventually 
ends at the last slave in the row. 


A similar situation 
occurs 
at the output 
registers of all devices in a row. They are loaded simultaneously 
from 
corresponding 
stacks; 
however, 
the 
ORE ouput 
of a slave cannot 
go HIGH until 
its OES input 
is 
HIGH. Thus the row master is the first to indicate a HIGH on its ORE and eventually 
the slaves will follow. 


It should 
be pointed 
out that this automatic 
priority 
scheme reduces the maximum 
operation 
speed of the 
array. 
If speed 
is essential, 
the master-slave 
hierarchy 
can be replaced 
by the traditional 
composite-status 
signal-generation 
scheme, which requires external 
gating. 


The expansion 
scheme 
illustrated 
in Figure 3 is quite simple and straightforward. 
It does not require 
any 
external 
support 
logic to achieve the desired 
expansion 
and retains all the serial/parallel 
features. 
However, 
these 
advantages 
are not 
without 
sacrifice-one 
storage 
location 
is eliminated 
at the 
interface 
between 
rows-and 
the n-row array has a storage capacity 
of 15n + 1 instead of 16n words. Moreover, the automatic 
priority scheme results in a ripple action from row master to the last slave in that row for the status signaling. 
This reduces the maximum 
operation 
frequency 
of an array and the inherent 
speed of the individual devices 
is not fully utilized. 


The 47038 
FIFO, because of its versatility, 
can be used to overcome 
both above disadvantages 
with mini- 
mum external 
logic. A vertically 
expended 
array, consisting 
of three 
FIFOs, yields'16n 
words of storage 
for an n-row array 
(Figure 
5). After initialization 
by a LOW level on the MR inputs, 
the TRF outputs 
of 
all three 
devices are HIGH and the ORE outputs 
LOW. The AND gates (40818) 
at the row interface 
are 
thus disabled. The PL inputs of devices 2 and 3 are LOW. Now, if the input register of device 1 receives four 
bits of data, then iRF output 
goes LOW. This activates 
the TTS input and the data falls through 
into the 
output 
register of device 1 and the ORE output 
becomes HIGH. Since the IRF output 
of device 2 is HIGH 
from initialization, 
the AND gate between 
devices 1 and 2 is enabled and the PL input of device 2 becomes 
HIGH. Data from device 1 is loaded into the input 
register of device 2 causing the TRF output 
of device 2 


• 


to go LOW. Moreover, 
a HIGH 
level on the PL input of device 2 results in a LOW le'/el on the TOP input of 
device 1. As a resuIt, the 0 RE output 
of device 1 also becomes LOW: Either way, the AN D gate is disabled 
and the PL input 
of device 2 goes LOW and the TOP input of device 1 becomes HIGH. 


The LOW level on the iRF output 
of device 2 activates its TTS input 
and initiates 
a fall-through 
action; 
the 
data appears at the output 
register. 
Because the TOP input 
of device 1 is HIGH, 
new data arrives at the 
device 2 output 
register. 
When data appears at the output 
of device 2, the AND 
gate at the interface 
of 
devices 2 and 3 is enabled. 
By a similar 
action 
described 
above, device 3 takes the data word 
into its input 
register and passes it on to the output. 
Thus, if 16 words are loaded at the input to the array, the 1st word 
is located 
in the output 
and the 
16th word 
is in the input 
register of device 3. Device 3 is full 
now and its 
iRF 
output 
remains 
LOW until 
data is extracted. 
This 
LOW level disables the AN D gate between devices 2 
and 3 and hence any arrival 
of new data into the output 
register of device 2 does not activate .the PL input 
of device 3. As new data is received, 
it is arranged in devices 1 and 2 so that the 17th data word falls into 
the device 2 output 
register and the 48th 
word 
remains 
in the input 
register of device 1. Forty-eight 
data 
words fill 
all devices in the array. 
Under these conditions, 
the status output 
is as follows: 
the iRF outputs 
of devices 1, 2 and 3 are LOW and the OR E outputs 
of devices 1, 2 and 3 HIGH. 


The data extraction 
takes place when 
the 
TOP 
input 
of 
device 3 is activated; 
normally 
it is HIGH. 
To 
extract 
data, TOP is made LOW and then 
HIGH. 
When the TOP input 
is LOW, the ORE of device 3 goes 
LOW. When TOP is returned 
HIGH, data is demanded from 
the stack. 


The 
internal 
control 
in device 
3 loads the 
second data word 
into the output 
register and the OR E goes 
HIGH. 
The internal 
control 
also initiates 
a fall-through 
action 
in device 3. Thus, the 
16th data word 
that 
was located 
in the input 
register is transferred 
into 
the device 3 stack and the input 
register is initialized. 
Thus, the iRF output 
of device 3 becomes HIGH. 


The 17th data word 
is located in the output 
register of device 2, hence the OR E output 
is HIGH. When the 
TRF output 
of device 3 becomes HIGH, the AND gate at the interface 
causes the PL input of device 3 to go 
HIGH 
and the TOP input 
of device 2 LOW. The 17th data word then goes into the input 
register of device 
3. The internal 
control 
of device 2 initiates 
fall-through 
action 
so that the 18th word falls into the output 
and the 32nd 
word 
is transferred 
into 
the 
stack. 
This 
results in a HIGH 
at the TRF output 
of device 2. 
Similar 
action 
takes place between 
devices 1 and 2 with 
the net result that all data has fallen one location 
creating 
a vacancy 
in the 
input 
register 
of 
device 
1. It 
is now clear that 
this 
FI FO array has a 48-word 
capacity 
without 
affecting 
the 
serial/parallel 
data feature 
at the input 
or the output. 
It can then be con- 
cluded 
that 
if an array of n rows is constructed 
using the proposed 
scheme, the effective 
storage capacity 
of the FIFO 
is 16n words. 


The array 
of 
Figure 
6 has all the 
features 
and yet 
operates 
at a higher 
speed than 
the array 
shown 
in 
Figure 
2. Whenever 
the TRF output 
of 
device 
1 is HIGH, 
the iES inputs 
of devices 2, 3 and 4 are also 
HI GH. Therefore, 
when the array is initialized 
by a LOW level on the M R inputs, device 1 is the row master 
and devices 2, 3 and 4 are the slaves. In the second row of devices, the IRFs and TESs are interconnected 
so 
that device 5 is also a row master and devices 6, 7 and 8 are slaves. 


When serial data is entered 
into the array, device 1 receives the first four bits of data. Devices 2, 3 and 4 do 
not respond to the clock 
since all three ITS inputs are HIGH. 
After 
the 4th bit, the TRF output 
of device 1 
is LOW. This disables device 1 from 
responding 
to the clock and enables device 1 so that the next four bits 
are entered 
into 
device 2. Devices 3 and 4 remain disabled by a HI GH level on the IES inputs. After 
the 8th 
bit, the I RF of device 2 becomes LOW, thus disabling 
device 2 and enabling 
device 3. After 
the 12th bit, 
the 
iRF 
output 
of 
device 3 is LOW and thus device 4 is enabled. 
After 
the 
16th bit, the fRF 
output 
of 
device 4 is LOW. So far, the serial data entry 
into 
this array 
is identical 
to that 
for the array in Figure 2. 


The LOW level on the 
IRF output 
of device 4 activates the TTS inputs of all 4 devices, causing the transfer 
of data 
into 
the 
stacks. Although 
all devices transfer 
data 
into 
the stack simultaneously, 
device 
1 (row 
master) 
is the first 
to initialize 
its input 
register. Since devices 2, 3 and 4 are slaves, they need a HIGH on 
their 
IES inputs 
for input-register 
initialization. 
As soon as the iRF 
output 
of device 
1 goes HIGH due to 
initialization, 
the TES inputs 
of devices 2,3 
and 4 become 
HIGH 
and their 
input 
registers are initialized 
simultaneously. 
This 
is in contrast 
to 
Figure 
2 where device 3 has to wait 
for device 2 to initialize, 
etc. 
The ripple 
action 
of input 
initialization 
has been overcome by simple gating. The iRF outputs 
of devices 1, 
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2, 3 and 4 are fed into 
4-input 
AND 
gates (4082B) 
to generate the composite 
input 
status. To obtain 
an 
indication 
that 
the 
input 
register of the array is empty, 
the input 
register of each device in the first 
row 
should be empty. 


The ORE 
and OES interconnections 
for the second row are essentially 
similar 
to the input 
section. 
This 
gating 
at the output 
section 
eliminates 
the 
rippling 
effect 
of the output 
status 
indication. 
If the gating 
arrangement 
used in Figure 
5 is incorporated 
into 
the array of Figure 6, the result is a 32 word 
x 16-bit 
FIFO network. 


As shown 
in Figure 8, higher 
FIFO 
speeds may also be attained 
by adding one 4518B 
and implementing 
a multiplexed 
expansion 
scheme. Figure 
7 shows the conventional 
horizontally 
expanded 
8-bit 
array with 
16 words of storage. 


Serial data is entered using the DS as the data input 
and CPSI as the clock input. 
Shifting 
takes place on the 
HIGH-to-LOW 
transition 
of the CPSI input. 
When the first 
four 
bits of data are entered 
into 
device 1, its 
fRF output 
goes LOW indicating 
that 
its input 
register is full. 
The LOW on the IRF output 
of device 1 
enables device 2 and disables device 
1. Device 2 will 
shift 
the next four 
data bits into 
its input 
register. 
When the input 
register of device 2 is full, 
its IRF output 
goes LOW. The LOW on the IRF output 
of device 
2 activates the TTS inputs of both devices. Thus, data from the input 
registers of both devices is loaded into 
their 
respective stacks simultaneously. 
The control 
logic in each device then 
initializes 
its input 
register in 
preparation 
to accept more incoming 
data. 


In Figure 7, device 1 is called the row master and is privileged to initialize 
its input 
register first. This results 
in a HIGH 
on its IRF output. 
Device 2 (slave) sensesthis and allows its IRF to go HIGH. This master/slave 
scheme is built 
into 
the 
4703B 
so that device to device speed variations 
do not cause transient 
false status 
indications. 
However, 
this is effectively 
a ripple action and limits the ultimate 
operating 
speed of the array. 
A multiplexing 
scheme is proposed that achieves much higher operating 
speeds. 
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Figure 
8 shows another 
8-bit 
network 
incorporating 
one 4518B 
counter. 
The 03 
output 
of 
the 
input 
counter 
controls 
the IES inputs of the FIFO's. When the array is reset by a LOW pulse on the Master Reset 
input 
(MR), 
the IES input 
of device 1 is LOW and that of device 2 is HIGH. This establishes device 1 as the 
master and device 2 as the slave. The first 
four bits of data are entered into device 1. On the fourth 
HIGH- 
to-LOW 
transition 
of 
the clock, 
the 03 
output 
of the counter 
changes. The IES input 
of device 1 goes 
HIGH 
and disables its input 
register from 
shifting. 
The 
IES input 
of device 2 goes LOW and enables its 
input 
register to shift 
allowing 
the next four data bits to be shifted into device 2. While shifting 
into device 
2 is occuring, 
the I RF output 
of device 1 will 
become LOW some propagation 
delay after the fourth 
clock 
transition. 
The TIS 
input 
of device 
1 is activated. 
This causes the data to 
fall 
through 
into 
the stack. 
Device 1, being the row 
master, will 
initialize 
its input 
register. 
On the eighth 
clock 
transition 
the 03 
output 
of the counter 
changes again. The IES input 
of device 1 will be LOW and the IES input of device 2 
will 
be HIGH. 
While device 1 is receiving data, device 2 can transfer its data into the stack and intialize 
its 
input 
register. 


A similar 
scheme is used at the output. 
The other 
half of a 4518B 
counter 
is used to control 
the OES 
inputs. 
A 
HIGH-to-LOW 
transition 
of the CPSO input 
shifts 
data out 
on the Os output. 
A connection 
between the ORE output 
and the TOS input provides automatic 
data extraction 
after shifting 
out four bits 
of data from a device. 


Figure 
9 illustrates another multiplexed 
expansion scheme using a 4027B Dual JK Flip-Flop. 
Referring 
back 
to Figure 7, the propagation 
delays are as follows: 


(al T1 is the delay from 
the HIGH-to-LOW 
transition 
of CPSI to iRF going LOW at device 2. Typical 
value is 81 nsec at VDD = 10 V. 


(b) T2 is the delay from 
TTS going LOW to TRF going HIGH 
at device 1. Typical 
value is 131 nsec at 
VDD = 10 V. 


(c) T3 is the delay from TES going HIGH 
to iRF 
going HI GHat 
device 2. Typical 
value is 112 nsec at 
VDD = 10 V. 
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A new data word cannot 
begin shifting 
into device 1 until the 
IRF output 
of device 2 is HIGH. Thus, the 
CPSI clock period is T1 + T2 + T3 or 324 nsec typical at VDD = 10 V. 


Figure 
9 shows another 
8-bit network 
using multiplexed 
IES inputs. When the array is reset by a LOW pulse 
on the Mastp- 
P"set 
input 
(MRI, the IES input of device 1 is LOW and the IES input of device 2 is HIGH. 
This 
es 
_ 
"vice 1 as the 
row 
master 
and 
device 2 as the 
slave. The 
first 
HIGH-to-LOW2S1 
transition 
shifts the first data bit into device 1. This transition 
complements 
the flip-flop 
also. The IES pf 
device 1 goes HIGH and the IES of device 2 goes LOW. The second data bit will shift into device 2 and the 
flip-flop 
toggles 
again. The third data bit will shift into device 1 and so on. When the seventh 
data bit is 
shifted 
into device 1, its input register becomes full. The iRF output 
becomes 
LOW; thus, the TTS input of 
device 1 is activated. 
This causes the device 1 to transfer 
its data 
into 
its stack 
and 
initialize 
its input 
register. 
In the meantime 
device 2 can receive the eighth data bit. In Figure 9 the propagation 
delays are 
as follows: 


(al T1 is the delay from the HIGH-to-LOW 
CPSI transition 
to TRF going LOW at both dev1t:es 1 and 2. 
Typical value is 81 nsec at VDD = 10 V. 


(bl T2 is the delay from TTS going LOW to iRF going HIGH for both devices 1 and 2. Typical value is 
131 nsec at VDD = 10 V. 


The CPSI clock period 
in Figure 
9 is then T1 + T2 or 212 nsec typical at VDD = 10 V. This is a significant 
improvement 
over that calculated 
for Figure 
7. 


Ii. similar flip-flop 
scheme 
is used at the output 
to control 
the OES inputs. The HIGH-ta-LOW 
transition 
of 
the CPSO shifts out the data on the Os output. 
Note that serial data bits come out in the same order as 
they are entered 
at the input. The connection 
between 
the ORE and TOS of the devices is to accomplish 
automatic 
data extraction 
after shifting their four bits of data. 


It should 
be noted 
that 
if any attempt 
is made to clpck data at the input when both 
IRF outputs 
are LOW, 
a data overrun 
conditon 
exists. A LOW on the IRF input indicates that the input register is full. Similarly, 
if the ORE outputs 
are LOW and an attempt 
is made to shift out data, then an overrun 
condition 
exists, 
also. A LOW on the ORE indicates that no valid information 
is present 
in the output 
register. 
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MICROPROGRAMMING 
WITH 
PROCESSOR 


ORIENTED 
MACROLOGIC 


Microprogram 
Execution 
Modes 


Any 
microprogrammed 
system, in effect, 
consists of two major elements-a 
controller 
and controllee 
(data 
path). 
The data path usually consists of ALUs, general registers, stacks etc., and can readily be implemented 
with 
Macrologic 
devices (ALRS, 
DPS etc.). The controller 
for operating 
the data path can be designed to 
perform 
in either 
pipeline 
or non-pipeline 
mode. The non-pipeline 
controller 
is simply 
a 4708B 
and a 
control 
store that 
usually 
consists of a PROM 
(ROM) 
or 
RAM (Figure 
1). In a pipeline system, an edge- 
triggered microinstruction 
register is needed in addition 
to the memory 
and the 4708B (Figure 2). 


In a non-pipeline 
system, a microinstruction 
is read from 
the control 
store and executed in the same clock 
cycle. 
No attempt 
is made to read the control 
store for the next microinstruction 
until 
the execution 
of 
the current 
instruction 
is complete. 


Most microprogrammed 
systems are designed as synchronous 
machines. The actual data-path 
logic dictates 
the maximum 
frequency 
at which 
the data path will 
operate 
properly. 
However, 
a non-pipeline 
system 
cannot 
be run at this speed because of the ov~rhead imposed by the controller. 
Reading a microinstruction 
involves setting up the address and accessing the memory. 
Because of the synchronous 
nature of the system, 
setting 
up the address is in sympathy 
with 
the clock. 
The sum of the 4708B 
propagation 
delay 
(CP to 
Address outputs) 
and the read access time of the memory 
should be added to the allowable 
clock cycle 
time 
of the data path to arrive 
at the actual system speed. The overhead imposed by the microprogram 
controller 
could 
be a significant 
percentage of the data-path 
speed. This is an inefficient 
use of the data- 
path 
resources. Also, 
the total 
system may not 
have the desired operating 
speed. However, the pipeline 
mode can overcome this disadvantage. 


In a pipeline 
system, reading the next microinstruction 
overlaps the execution 
of the current 
instruction. 


This 
requires 
holding 
the current 
microinstructon 
in a microinstruction 
register as shown in Figure 2. If 
the sum of 4708B 
propagation 
delay 
(Instruction 
input 
to 'Address 
output 
in pipeline 
mode), 
the read 
access time of the memory, 
set-up and propagation-delay 
times of the microinstruction 
register is less than 
the intrinsic 
data-path 
clock 
period, 
then a full 
overlap can be achieved and the actual system speed is not 
affected 
by the controller 
overhead. Otherwise, 
the system speed is determined 
by propagation, 
set-up and 
accesstimes of the controller 
alone. In practice, pipeline systems achieve much higher operating speeds than 
non-pipeline 
systems. 


In many instances, a microprogram 
written 
for non-pipeline 
system cannot 
be executed 
in pipeline 
mode. 
However, 
4708B 
architecture 
is designed so that 
the same microprogram 
can be executed 
in pipeline 
or 
non-pipeline 
mode without 
any modification. 
This feature gives the user a distinct 
advantage since he can 
design his high end product 
with 
pipeline 
execution 
and lower end product 
with 
non-pipeline. 
No micro- 


program changes are required thus significant 
cost advantages can be realized. 


Initializing 
The Microprogram 


In microprogrammed 
systems, 
the 
current 
control-memory 
address identifies 
the current 
control 
state, 
while 
the contents 
of the addressed location, 
i.e. microinstruction, 
provides the information 
required 
to 
establish 
proper 
control-signal 
combinations 
for 
the data path and to choose the next address. A micro- 
programmed 
system is inherently 
a sequential 
machine and initialization 
of the controller 
is necessary for 
proper system operation. 


Initialization 
of the non-pipeline 
systems is rather straightforward. 
Whenever the 4708B MR input is LOW, 
the program 
counter 
(PC) is cleared and hence all the Address outputs 
of the 4708B 
will 
be LOW. This 
address then defines the starting 
location 
for the microprogram 
execution. 
The PC is held clear as long as 
the M R input 
is LOW. A simple initialization 
scheme is shown in Figure 3. The flip-flop 
is held clear by a 
low-level 
Reset input. 
The Q output 
of this flip-flop 
is connected to the MR input of the 4708B. As long as 
the reset signal is LOW, the Raw Clock signal is blocked by the OR gate, due to the HIGH level from the Q 
output, 
thus 
the System 
Clock 
output 
will 
be HIGH. 
When the 
Reset input 
goes HIGH, 
the following 
LOW-to-H IGH transition 
of the Raw Clock sets the flip-flop. 
The OR gate pa;ses the Raw Clock 
input as 
the System Clock which then can be used to drive the data path and the CP input of the 4708B. 


In a pipeline 
system, merely addressing the starting location 
is not enough. The first microinstruction 
must 
be loaded into the microinstruction 
register to prime the pipe. The Raw Clock can be used for this purpose- 
a LOW-to-HIGH 
transition 
loads the microinstruction 
register. As before, the System Clock operates on the 
data path and the 4703B. 


• 


A straightforward 
microinstruction 
consists of fields for specifying 
data-path control 
and an explicit 
specifi-. 


cation 
of 
the next 
address. An 
explicit 
next-address 
specification 
is mandatory 
in many 
microprogram 
sequencer 
architectures. 
However, 
in the 4708B, 
a Fetch 
instruction 
is provided 
to facilitate 
writing 
a 
microprogram 
where a large number 
of 
instructions 
fit 
naturally 
into sequential 
memory 
locations. 
The 
next address for a Fetch instruction 
need not be explicit; 
it is always implied to be PC + 1. In general, the 
total 
number 
of bits required 
for the data-path control 
(total control-field 
width) 
is more than the number 
of bits needed to explicitly 
specify the next address. Thus, if there is an easy way to use the control 
fields, 


or part of them, to specify the address, significant 
reduction 
of the microinstruction 
width 
can be achieved. 
The Inhibit 
output 
of the 4708B is provided to facilitate 
sharing of microinstruction 
fields. 


There 
are two 
4708B 
instructions 
that 
do not 
require 
next-address 
specification, 
FTCH 
and 
RTS. The 
remaining 
14 instructions 
fall 
into a branch class requiring 
an external 
next address. The Inhibit 
output 
is 
LOW for 
FTCH and RTS only and HIGH for all other instructions. 
Thus, if the system clock can be inhibited 
from 
operating 
the data path whenever 
the Inhibit 
output 
is HIGH, 
then the microinstruction 
field that 
normally 
operates on the data path can be fed into the 4708B as the next address. Inhibiting 
the data path 
operation 
is extremely 
simple 
with 
the 
Macrologic 
processor elements. 
In some Macrologic 
systems, the 
devices are connected 
as a bussed system; an example is shown in Figure 
4. Although 
the 4705B and 4706B 
devices derive their 
instructions 
from 
the same microinstruction 
field, 
either the 4705B 
or the 4706B can 
be individually 
selected to respond to an instruction 
by controlling 
the EX inputs. Macrologic 
systems can 
employ 
an encoded 
field 
in the microinstruction, 
called destination 
field, 
for this purpose. A decoder is 
commonly 
used to drive the individual 
EX inputs. Now, if the Inhibit 
output 
of the 4708B is connected 
to 
the Enable input 
of the decoder, all EX inputs are HI GH for branch-class instructions. 
Thus clocking 
would 
not affect 
the devices. This technique 
of sharing fields is beneficial 
only if a large percentage of the opera- 
tions 
is from 
sequential 
memory 
locations 
with 
an occasional random branch. If a microprogram 
has many 
branch instructions, 
the extra clock cycle needed for branch operation 
may affect the system speed. 
. 


Handling The Test Inputs 


In microprogrammed 
systems, it is often 
necessary to test the status of external 
conditions. 
Often, 
these 
inputs 
are derived 
from 
the ALU 
of the data path as condition 
codes. For example, 
the ALRS 
(4705B) 
provides 
four 
status signals-Carry 
(WI, 
Negative (X), Overflow 
(V), and Zero 
(Z). 
These signals can be 
connected 
to the TO - 
T3 inputs of 4708B so that a LOW-to-HIGH 
transistion 
of the STRB will 
load them 
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into the 4-bit test register. 
Although 
the STRB and CP inputs of the 4708B can be connected 
together, 
in 
most systems, 
the STRB input 
is derived from the system clock by appropriate 
gating. This is done so that 
the test 
register 
is only 
affected 
during those microinstructions 
that 
involve an ALU operation. 
Figure 5 


illustrates 
test-input 
handling. 
In both 
modes of operation, 
the ALRS status can be stored 
in the 4708B 


during a microcycle 
and tested during subsequent 
microcycles 
using appropriate 
conditional 
branch instruc- 


tions. 


It should 
be noted 
that the 4705B 
provides the status 
signals towards 
the end of the microcycle 
and the 
system 
clock 
should 
be chosen 
so that 
the 4708B 
set up (test-to-strobe) 
time 
is satisfied. 
In Figure 5 
gating the system 
clock with EX inputs of the 4705B 
assures that the test register operates 
only for those 
microcycles 
that affect the 4705B. 
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Expanding 
The Multiway 
Inputs 


Three 47a8B 
inputs participate 
in multiway 
branch operation. 
This gives eight individual 
branch addresses 
depending 
on the bit pattern 
present on the MWa - 
MW2 inputs during a BMW instruction. 
Although 
the 
47a8B 
provides only 
three inputs for this purpose, they can be readily expanded. For example, in Figure 6, 


the MWa - 
MW2 are obtained 
from 
three 8-input 
multiplexers. 
During 
a BMW instruction, 
the 47a8B 
ignores the BAa - 
BA2 inputs; thus these three bits can be used to control 
the multiplexers 
and increase 
the Branch Multiway 
inputs. 


Since a microinstruction 
contains information 
relating to the address of the next microinstruction, 
it would 
seem that the BAa - 
BAg inputs of the 47a8B are derived from 
the next address field. 
However, in most 
practical 
systems, the 
BAa 
- 
BAg 
inputs 
must be obtained 
from 
other 
sources in addition 
to the next 
microinstruction 
address field. 


For example, 
a system designed to emulate 
the instruction 
set of a target computer 
contains 
a "macro- 
instruction 
register" 
to hold the bit patterns corresponding 
to the target instruction 
that currently 
requires 
execution. 
There is a routine 
in the control 
store starting 
at a certain 
address which 'corresponds to the 
current 
macroinstruction. 
It is simple to connect 
an address mapper, consisting of PROMS or PLAs, to the 
macroinstruction 
register. 
The 
address inputs 
(input 
variables) 
are the outputs 
of the macroinstruction 
register and the mapper output 
is the starting 
address of the microsequence 
for the current target instruc- 
tion. 
Thus, 
if the mapper output 
is used as another 
source of next address, a very. fast macroinstruction 
decoding can be accomplished. 
This source selection could easily be accomplished 
by feeding the addresses 
from 
different 
sources into 
a 4-input 
multiplexer 
and using the VIA 
outputs 
of the 47a8B to select the 
appropriate 
sets of inputs. 
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A Microprogram 
Example 


The simple microprogram 
example, shown in Figure 1 and Table 1, is an assembly of a 7-bit word from a 
serial data stream 
(SER DATA) 
using the associated clock 
(SER CLK). 
Figure 8 illustrates 
the assumed 
timing 
relationship 
between SER DATA 
and SER CLK signals. Consider an 8-bit wide data path using two 
47058 
and two 47048 
devices as shown in Figure 
la. 
A 6-bit instruction 
bus is obtained 
(47058 
field) 
by 
appropriate 
connections 
of the 47058 
instruction 
inputs. These six bits are controlled 
by an appropriate 
field 
in the microinstruction, 
bit 4 through 
bit 9 of the control 
store (see Figure lb). 
The 6-bit 47048 
field 
is obtained 
by connecting 
11 through 
14 of 47048 
devices and using 10 of each device separately. These six 
bits are also controlled 
by an appropriate 
fiekJ in the microinstruction, 
bit 10 through 
bit 15 of the control 
store. 
In this 
illustration, 
the 47048 
and 47058 
control 
fields 
of the microinstruction 
are also used to 
provide 
the 10-bit 
branch address for the 47088. 
The instruction 
inputs for the 47088 
are provided 
by the 
appropriate 
microinstruction 
field, bit 0 through 
bit 3 of the control 
store. 
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L 
I H 
I 
L I L 
L 
L 
L I 
L 
I 
H I 
H 
H I 
L I 
H I 
L 
I 
L 
I 
L 


13 
BMW 
X 
X 
3X 


H I H I 
L I L 
L I L I 
L I L 
L T HT 
HTxTxTx 


16 
BTll 
x 
X 
16 


H I 
L 
I 
H 
I 
H 
L T L T 
L ] 
L 
L T LT 
HTHTHTL 


15 
BRVO 
X 
X 
11 


L 
I 
L 
I 
H I 
L 
LILILILILILI 
H I 
L I 
L 
I 
H 


16 
RTS 
RO 
EXCLUSIVEORI 
BYTESIGN MASK 


L 
I 
L 
I 
l I L 
L 
L 
LIHIHILILIHI 
l 
I 
l I H I 
L 


20 
BRVO 
X 
X 
11 


L 
I 
L 
I 
H I L 
llllllLILILI 
H I 
L 
I 
L I H 


21 
BRVO 
X 
X 
12 


L I 
L 
I 
H 1 L 
LTLjLjL 
L T 
LT 
HTLTHTL 


30 
BRVO 
X 
X 
14 


L I 
L 
I 
H I 
L 
LILI 
LILI 
LILI 
HIHILIL 


31 
SRVO 
X 
X 
13 


L I 
L I 
H I 
L 
LILILILILILI 
HILIHIH 


L 
= 
LOW 
Level 
H = HIGH 
Level 


X 
= 
Don't 
Care 


1 1 1 
• 


> 
> -;; 


000--- 
1--- 


f--- 
0 
~ 
g 0---- 
I---- 


eo-----ll' 


~ 


~ 
.x 
,.- 
> 
u 


1 


I 


u 
I 
" 
!i 


• 
, 


0 
;; 


0 
0 


0 
o~ 


---<> 
8 
~ 
80--- 
80----111 


;; 
~ 
.> 


0 
= .i" 


t I y" 


;; 
;; 
;; 
;; 
0 
~ 
0 


----<> 8 
0 
c;'~ 
0 


:! ~ 
t! 
- 
9 
I 


tL- 


r- 
~ 


0 
;; 


0 
~o- 
0 


C;8 
~ 


80-- 


00-- 
I 


::! 
~ 
'.:' = 
9 
_J 
• 


I 


!!'::!~,:~ 
~! 


• 


" 


" 


1·_.." 


." 
" 
.., 
" 
" 
." 
" 
" 
." 
" 
" 
" 
... 
.. 
's 
··s 
's 
J 


." 
" 
:] 
.., 
., 
CONTROL 
'2 
.'. 
'. 
FIELD 
AO 
.'0!>8FII.LO 


.Ag 
" 
" 
T, 
" 
""T, 


MW, 


MW, 


0 
MWO 
"" 


.... 


SERCLK 
n 
---- 


The status outputs 
from 
the most significant 
4705B, IN,X, Yand 
Z, are connected 
to the TO - 
T3 inputs 
of the 4708B 
although 
only 
the X output 
is used in this 
example. 
The EX inputs 
of both 
4705B's 
are 
connected 
to the 
INH 
output 
of the 4708B. 
The Clock 
signal operates 
the 4705B's 
and the 4708B. 
In 
addition, 
the Clock is gated with 
the INH output 
to operate the STRB input of the 4708B. 


The SE R CLK 
input 
is synchronized 
to the Clock 
input 
by using a synchronizing 
flip-flop 
with 
the Q 


output 
connected 
to the MWO input of the 4708B while MW1 and MW2 inputs are grounded. 
The AO - 
Ag 
outputs 
of the 4708B 
are used to address the control 
store. The SE R DATA 
is fed into the right shift input 
of the least significant 
4704B. 


The flow 
chart 
in Figure 9 shows the sequence of operations 
assuming the sequence is a subroutine 
starting 
at location 
(10)8 
in the control 
store. The program 
for 
implementing 
this flow 
chart 
is shown in Table 1. 


Note 
that 
register 
RO, the 
first 
of 
the 
eight 
general 
purpose 
registers 
of 
the 
4705B, 
is used for 
the 
serial-to-parallel 
conversion. 
Thus bit 4 through 
bit 6 (address bits of the 4705B 
field) 
are L L L. To indi- 
cate that a load operation 
into 
RO is desired, bit 7 through 
bit 9 (4705B 
instruction 
field) 
are L H H. 


Bit 
10 through 
bit 
15 of the microinstruction 
(4704B 
instruction 
field) 
is L H H H L H so that bit pattern 
00000001 
is present at the inputs of the 4705B. This becomes apparent when the 4704B truth 
table in 
the data sheet is consulted. 
(The 4705B 
treats a LOW level data input 
as logic "1".) 
Bit 0 through 
bit 3 
(4708B 
instruction 
field) 
require the 4708B to perform 
a Fetch for the next instruction. 


Location 
(11)8 
contains 
a Branch Multiway, 
.BMW, instruction 
to determine 
whether 
or not the synchro- 


nization 
flip-flop 
is set. Bit 6 through 
bit 
15 of the microinstruction 
is specified 
as L L L L L H L X X X 


where 
X 
indicates 
"don't 
care". 
Thus, 
if the synchronization 
flip-flop 
is not 
set, the 4708B 
generates 
L L L L L H L L L L asthe next address (20)8. At location 
(20)8, there is a Branch VIA, 
BRVO, to location 
(11)8 
instruction. 
Thus, the microprogram 
loops between 
location 
(11)8 
and (20)8 
testing for a HIGH on 
the 
SE R CLK 
input. 
When the synchronization 
flip-fiop 
is set, the 
BMW instruction 
at location 
(11)8 
results in (21)8 
as the next 
address instead of (20)8. 
Location 
(21)8 
contains 
the instruction 
"BRVO 
to 
location 
(12)8". 


The instruction 
in (12)8 
shifts the contents 
of the 4705B 
to the left 
and loads the shifted value back into 
RO. Because the SER DATA 
input 
is connected 
to the shift 
input 
of the 4704B, 
the information 
present 
as the SE R DATA 
input 
is loaded into 
RO. Thus after taking 
the first 
data bit, 
RO reads 0 0 0 0 0 0 1 BL 
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THE 
47048 
Will 
PEHFOHM 
A 
SHIFT 
OPERATION 
TO 
TAKE 
1"- 


THE 
SER 
DATA 
INPUT 
LOAD 
THE 
RESULTING 
VALUf 
INTO 
RO OF 
THE 
4 !O~B 


(LOCATION 
l:?l 


I'E RfORM 
EXCLUSIVE 
OR 
WITH 


ROOF 
THE 
4705B 
USING 
1ס0ooooo 
AS 
THE 
MASK 


THE 
4704B 
WILL 
PROVIO!:: 
THIS 
Bll 
PATTERN 
TOCLEARTHE 


MOST 
SIGNIFICANT 
BIT 


(LOCATION 
16f 
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where Bl 
is the first 
bit' assembled. The instruction 
in location 
(12)a, specifies a Fetch for the 470aB, thus 
the INH output 
is LOW. This activates the EX inputs of the 4705B's. 
Moreover, the LOW level also enables 
the gate; thus, the Clock activates the STRB 
input 
of the 470aB 
so that the 4705B 
status outputs 
can be 
loaded into the 470aB 
test register. As long as the result of an ALU 
operation 
is positive, 
i.e., most signifi- 
cant bit HIGH, the negative status (X output 
of the 4705B) 
is HIGH. 


Location 
(13)a contains 
BMW with 
(3X)a as the next address. Thus if MWO input 
is HIGH, 
the next address 
is (31)a; 
if MWO is LOW, the next address is (30)a. 
Location 
(30)a contains "BRVO 
to location 
(13)a" 
and 
locations 
(13)a 
contains 
"BRVO 
to (14)a". 
Thus, as long as SER CLK 
input 
is HIGH, 
the program 
loops 
between location 
(13)a and (31 )a. When the synchronizing 
flip-flop 
is cleared, the program goes to location 
(14)a due to the instruction 
in location 
(30)a. 


At 
location 
(14)a, 
the 
"Branch 
Test 
LOW, 
BTLL 
to location 
(16)a" 
is used to determine 
when the Tl 
input 
of the 470aB 
is LOW. It will 
not be LOW until 
seven SER DATA 
bits have been shifted. 
Instead of 
branching 
to 
(16)a, 
the program 
goes to location 
(15)a, 
which 
contains 
"B RVO to location 
(11 )a". 
The 
program 
loops 
around 
until 
seven data bits have been shifted 
in. At this time, 
the 4705B 
has indicated 
a 
LOW on its X output 
and the BTL results in a branch to location 
(16)a. 


At 
location 
(16)a, 
the 4704B provides 1 0000000 
as a mask and an exculsive OR is performed 
in RO or 
the 4705B 
to eliminate 
the marker bit that was previously 
loaded into RO. RO then contains seven data bits 
assembled from 
the SER DATA 
bit stream. 
It has been assumed that this small program 
is a subroutine. 


Therefore, 
by specifying 
RTS to the 470aB 
in location 
(16)a, 
a return 
to the main program 
is effected. 


Individual 
Macrologic 
data sheets indicate how each 4-bit slice may be expanded into arrays to handle larger 
work 
lengths; these different 
arrays (Figure 
10) can be configured 
to develop the data paths. Since Macro- 
logic elements are designed to be used in bus-organized 
systems, all devices are provided 
with 
3-state data 
outputs 
and an Output 
Enable 
(EO) input 
to control 
them. 
Therefore, 
the data outputs 
from 
the arrays 
can be bussed together 
to obtain 
the output 
bus (Figure 
11). With a LOW level on the appropriate 
EO 
input, 
an array can be made to source data on to the output 
bus. For example, 
in Figure 
", 
a LOW on the 
EOl 
input 
selects the ALRS 
array as the source. The data inputs can also be bussed together 
to obtain the 
input 
bus. 
• 


The Macrologic 
elements 
are provided 
with individual 
EX inputs. 
A device does not respond 
to the clock 
unless its EX input is LOW. Thus, the instruction 
inputs can be bussed together 
to obtain 
an instruction 
bus (Figure 
12). The individual 
EX inputs 
are used to control 
the array chosen to perform 
the current 
microinstruction, 
i.e., the destination. 
Thus, in Figure 12, a 6-bit field is sufficient 
for the instruction 
inputs. 


Experience 
indicates 
that 
data 
paths 
in microprogrammed 
systems are closed loop, 
therefore, 
a means 
should 
be provided 
for the output 
bus to communicate 
with the input 
bus. The Macrologic 
DPS element is 
ideally 
suited for this purpose 
(Figure 
13) since it has two 
identical 
input 
ports. One port 
can be used to 
close the data-path 
loop while the other is used to introduce 
data from external 
sources into the data paths. 
The DPS is a combinatorial 
device and hence will 
always operate on the data; in many casesthe operation 
may be just to pass the input 
to the output. 
Thus it will always require an instruction 
input 
and cannot be 
bussed with 
the instruction 
bus. 


It can be concluded 
that 
the basic steps involved 
in data path 
configuation 
are, first, 
choose arrays of 
desired word 
lengths and desired functi.ons, 
then arrange them into a bus organization 
similar to Figure 
13. 


One of the many possible Macrologic 
applications 
is to implement 
emulators 
for existing 
instruction 
sets. 
These complex 
funtional 
LSls offer 
improved 
cost and performance 
while retaining 
software compatibility 
with 
the target 
machine. 
A simple 
16-bit 
processor is a good example to demonstrate 
the ease of use and 
versatility 
of Macrologic. 


The 
16-bit 
fixed 
word-length 
processor, with 
four 
accumulators 
(ACO - 
AC3) and 2s complement 
arith- 
metic, 
has a 16-word 
push/pop 
stack for subroutine 
nesting, as well as general use. The memory 
reference 
instruction 
format 
is shown 
in Figure 
14. The 2-bit 
index field 
in the instruction 
specifies four addressing 
modes-base 
page, PC relative, 
AC2 and AC3 relative. For the base-page mode, the 8-bit displacement 
field 
of the instruction 
is taken as the absolute address i.e., first 
256 memory 
locations. 
For the relative mode, 
the 8-bit 
displacement 
is treated 
as a signed number 
in 2s complement 
notation 
and added'to 
the Program 
Counter 
(PC relative) 
or one of the specified accumulators 
(AC2 or AC3 relative). 
The result then is used as 
the effective 
address for the operand. 


• 


A data path suitable 
for 
this 
processor is shown in Figure 
15. It consists of a 16-bit ALRS 
array, 
16-bit 
P-Stack array 
and 16-bit 
DPS array. 
The ALRS 
and DPS can perform 
all the arithmetic 
logic operations 
needed. The P-Stack provides the required 
16-level stack function. 
The ALRS 
has eight built-in 
accumula- 
tors but only 
four 
are needed for this processor. The P-Stack has the necessary features to implement 
the 
PC. However,if 
this feature is used, only 
15 levels of nesting remain. This processor requires 16. Because the 
ALRS 
has four 
spare accumulators, 
one of these can be used as the PC, thus leaving three spares. Thus the 
PC feature 
of the P-Stack is not needed and therefore 
the address outputs 
are not used. The storage in the 
ALRS 
is allocated 
as follows: 
RO = ACO, 
R1 = ACl, 
R2 = AC2, 
R3 = AC3, 
R4 = PC, R5 = TEMP 1, 


R6 = TEMP 2 and R7 = TEMP 3. An edge-triggered 
memory 
address register (MAR) 
on the output 
bus is 
provided. 
Data from 
the memory 
is introduced 
into the data path using one of the input 
ports of the DPS 
array. 
Data to the memory 
is obtained 
directly 
from 
the output 
bus. An edge-triggered instruction 
register 
(I R) is also provided 
to hold the OP code bits and index bits of the macroinstruction. 


Figure 
16 illustrates 
the microprogram 
control 
section 
for the data path. This control 
is centered 
around 
the 4708B 
sequencer 
operating 
in the pipeline 
mode. The INH output 
of the 4708B 
is used to share the 
control 
fields. Thus, the source, destination, 
and ALRS/P-stack 
control 
fields provide the 1O-bit address for 
branching 
when needed. 
A 6-bit DPS control 
field provides the instruction 
inputs for the DPS array while 
the 4-bit SEQ field provides the instruction 
inputs for the 4708B. 
Other fields lumped as miscellaneous 
are 
used to control 
the memory 
etc. 


The Source 
and 
Destination 
fields are decoded 
to activate 
the 
EO and EX inputs 
(see Figure 
16). Note 
that 
the 
IR Clock and MAR Clock signals are generated 
by gating the system clock with the appropriate 
destination 
decoder 
outputs. 
The branch 
address 
inputs 
(BAO - 
BAg) are obtained 
from a 4-way input 
multiplexer 
which, in turn, is controlled 
by the VIAO and VIA 1 outputs 
of the 4708B. 
One of the inputs to 
this multiplexer 
consists 
of the address inputs for branching 
from the microinstruction 
register. The second 
port 
is fed by a mapper that may be a PROM or FPLA. It receives the IR outputs 
and translates 
them into a 
starting 
address 
in the control 
memory 
for emulation. 
Figure 
17 is a flow chart for the sequence 
of opera- 
tions 
to accomplish 
macroinstruction 
fetch 
while 
Table 2 lists the operations 
performed 
by various data 
path elements 
and the 4708B. 
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SOURCE 
DESTINATION 
ALAS, 
DPS 
CONTROL 
SEa 
MISCELLANEOUS 
P-STACK 
CONTROL 


DoN"T 
CARE 
ALRS 
READ 
R4 
(PCI 
DON"T 
CARE 
FTCH 


ALRS 
MAR 
DoNT 
CARE 
DONT 
CARE 
FTCH 
READ 
MEMORY 


DON"T 
CARE 
ALRS 
ADD 
WITH 
CARRY 
ALL 
ZEROS 
FTCH 


TO 
R4 


DON"T 
CARE 
IR 
DoNT 
CARE 
DON"T 
CARE 
FTCH 


DON"T 
CARE 
ALRS 
LOAD 
RS (TEMP 
11 
K-BUS 
SIGN 
FTCH 
EXTEND 


DONT 
CARE 
DoN"T 
CARE 
DON"T 
CARE 
DoNT 
CARE 
BRV, 
--- 


The first operation 
is to read the PC. Thus, the destination 
field specifies the ALRS and the destination 
decoder 
drives the EX input 
of the ALRS 
LOW. The ALRS/P-stack 
control 
field 
specifies "read 
R4". 
At 
the end of the microcycle, 
the contents 
of R4, i.e., the PC, are in the output 
register of the ALRS. 
The SEQ 
field 
of 
the 
first 
microinstruction 
is FTCH, 
therefore, 
the 4708B 
generates the address of the 
second 
microinstruction. 


Here, the ALRS 
is specified as the source and the MAR as the destination. 
The source decoder activates the 
EO input 
of the ALRS, 
the destination 
decoder 
enables the gating 
for 
the MAR 
Clock, 
and the micro- 
instruction 
loads the PC into 
the MAR. 
In the miscellaneous 
field, 
a memory 
Read is initiated. 
The third 
microinstruction 
is made to increment 
R4 by selecting ALRS as the destination 
specifying 
Add with 
Carry. 
The 
DPS outputs 
(ALRS 
inputs) 
are forced 
HIGH. 
This 
incrementation 
is in preparation 
for 
the 
next 
macroinstruction 
fetch. 
The result 
from 
the 
memory 
read operation, 
initiated 
during 
the second micro- 
instruction, 
is now available on the K·bus of the DPS. The fourth 
microinstruction 
activates the IR clock so 
that the eight most significant 
bits of the memory 
data are loaded into the I R. Assuming the data is still on 
the bus, the sign extended displacement 
is loaded into 
R5 (TEMP 1) of the ALRS 
in the fifth 
microcycle 
by 
selecting 
"Load 
R5" 
as the ALRS 
operation 
and selecting the "K-bus 
sign extend" 
for the DPS. It should 
be recalled that 
the data path has a 16-bit 
fixed 
word 
length and the displacement 
must be treated as a 2s 
complement 
number. 
By using the sign extension 
capabilities 
of the DPS, the sign bits, i.e., most significant 
bits, 
can be aligned. 
At 
this 
point, 
the 
instruction 
is in the I R and the sign extended 
displacement 
is in 
TEMP 
1. The sign of the least significant 
eight bits of the macroinstruction 
is extended 
in anticipation 
of a 
memory 
reference 
instruction. 
The sixth microcycle 
is intended 
to decode the I R. By specifying 
a BRV 1 in 
the SEQ field, 
the VIA 
outputs 
of the 4708B select the mapper output 
as the source for next address. The 
mapper 
is designed 
to provide 
the starting 
address of the routine 
to emulate 
the 
instruction 
currently 
residing in the I R. 


The total 
microprogram 
really consists of several simple routines. 
These easy steps can be converted 
into 
binary 
patterns 
to 
be loaded 
into 
the control 
store. 
Once a data path architecture 
and microinstruction 
format 
has been chosen for a given system design, the microprogram 
can be written 
to realize the desired 
function. 
It 
can then 
be assembled, 
using 
the 
microprogram 
assembler, 
to 
get 'the binary 
listing 
that 
specifies 
the control 
store .address and contents. 
Using this information, 
the control 
store can be loaded 
with 
the program and the system is ready for operation. 


Macrologic 
users, designing programmed 
logic systems, find 
a need for a microprogram 
assembler to aid in 
software 
developement. 
To fill that need, Fairchild 
offers a choice of assemb.'er software, 
the microprogram 
assembler and DAPL, available through 
two different 
worldwide 
time share networks. 


The microprogram 
assembler is an aid in the preparation 
of a microcode. 
The user defines his own mnemo- 
nics to 
represent 
meaningful 
binary 
bit patterns 
and using the symbolic 
language thus created, writes 
the 
program. 
The microprogram 
assembler translates 
the 
symbolic 
language into 
binary 
code and produces 
punched 
card, disk or tape output 
for each program 
step. The same information 
is also printed 
along with 
indications 
of errors 
that 
were present in the input 
statements. 
Access to the microprogram 
assembler is 
easily arranged from anywhere 
in the world. 


The 
microprogram 
assembler 
is available 
at the 
Computer 
Useage Company, 
Data Center, 
Sunnyvale, 
California. 
(408-738-4300). 


DAPL 
is a highly 
modular 
microprogramming 
language for the Fairchild 
Macrologic 
series. Constructed 
in 
four 
concentric 
and compatible 
levels, the microprogrammer 
selects the 
DAPL 
feature 
that 
provides 
a 
convenient 
symbolic 
representation 
of a particular 
microprogram. 
Macros and symbolic 
values may be used 
at all DAPL 
levels. Level 0 essentially permits the microinstructions 
to be formed 
by sequences of symbolic 
names and binary, 
octal, 
decimal, 
and hexadecimal 
numbers. 
In Level 1, microinstructions 
are defined 
as 


• 


a series of fields with 
each field 
sequentially 
assigned a value as in Level O. Additionally, 
label tables can 
be incorporated 
for 
mapping 
ROMs and PLAs. 
Level 2 extends 
the 
microinstruction 
field 
definition 
to 
include 
symbolic 
names and default 
values. 
Finally, 
Level 3 allows 
the expression 
of 
microprograms 
in 
register transfer 
notation. 


Other 
DAPL 
features include: 


• 
Microprogram 
accommodation 
up to 8192 words by 256 bits. 


• 
Free form 
input 
with 
comments 
arbitrarily 
interspersed 
for documentation. 


• 
An interlist 
command 
that 
lists the generated microcode 
directly 
beneath the associated micro- 


instruction. 


• 
A complete 
variable cross-reference 
listing. 


• 
Extensive 
error detection 
and debugging aids. 


• 
Optional 
hexadecimal 
or binary 
object 
format. 


• 
A use map showing those locations 
actually 
used. 


DAPL 
is available 
under a 'one-time 
license from 
Zeno Systems 
Inc., 2210 3rd Street, 
Santa Monica 
CA., 


(213) 
396-6020 
or on a timesharing 
basis from 
Remote Computing 
Corporation, 
One Wilshire, 
Los Angeles, 


CA 90015, 
(213) 629-2532. 
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Fairchild 
integrated 
circuits 
may be ordered 
using a simplified 
purchasing 
code where 
the package style and temperature 
range are defined 
as follows: 


D = Dual In-line 
- 
Ceramic (hermetic) 
P = Dual In-line 
- 
Plastic 
F = Flatpak 


D 
C 
1 T 
"m,""'"'" 
Range Code 


Package 
Code 


L- 
Devlce 


Type 


In order to accommodate 
varying die sizes and numbers 
of pins (14, 16.24, 
etc.). a number 
of different 
package forms are 
required. 
The Package Information 
list on the following 
pages indicates 
the specific 
package codes currently 
used for each 
device type. The detailed 
package outline 
corresponding 
to each package code is shown 
at the end of this section. 


Temperature 
Range 


Two 
basic temperature 
grades are in common 
use: C = Commercial-Industrial, 
_40°C 
to +85°C; 
M = Military, 
_55°C 
to 


+125°C_ Exact values and conditions 
are indicated 
on the data sheets, 


Examples 


(a) 
4014BFM 


This number code indicates a 4014B Register in a Flatpak with military 
temperature 
rating. 
• 
(b) 
4720BDC 


This 
number 
code indicates 
a 4720B 
256 x 1 RAM 
in a ceramic Dual In-line 
Package with 
commercial 
temperature 
rating, 


(d) 
40014BPC 


This number 
code indicates a 40014B 
Hex Schmitt 
Trigger in a plastic package with 
a commercial 
temperature 
rating. 


Device 
Identification/ 
Marking 


All Fairchild 
standard 
catalog 
integrated 
circuits 
will 
be marked 
as follows: 


\ F Device Type XX I 
( 
Date Code 


MILITARY 
(M) 
COMMERCIAL 
(C)/INDUSTRIAL 
-55°C to +125°C 
-40°C to +85°C 


DEVICE 
CERAMIC 
FLATPAK 
(F) 
CERAMIC 
PLASTIC 
FLATPAK 
(F) 
DIP (D) 
DIP (D) 
DIP (P) 


40018 
6A 
31 
6A 
9A 
31 
40028 
6A 
31 
6A 
9A 
31 
40068 
6A 
31 
6A 
9A 
31 
4007U8 
6A 
31 
6A 
9A 
31 
40088 
68 
4L 
68 
98 
4L 
40118 
6A 
31 
6A 
9A 
31 
40128 
6A 
31 
6A 
9A 
31 
40138 
6A 
31 
6A 
9A 
31 
40148 
68 
4L 
68 
98 
4L 
40158 
68 
4L 
68 
98 
4L 
40168 
6A 
31 
6A 
9A 
31 
40178 
68 
4L 
68 
98 
4L 
40188 
68 
4L 
68 
98 
4L 
40198 
68 
4L 
68 
98 
4L 
40208 
68 
4L 
68 
98 
4L 
40218 
68 
4L 
68 
98 
4L 
40228 
68 
4L 
68 
98 
4L 
40238 
6A 
31 
6A 
9A 
31 
40248 
6A 
31 
6A 
9A 
31 
40258 
6A 
31 
6A 
9A 
31 
40278 
68 
4L 
68 
98 
4L 
40288 


I 
68 
4L 
68 
98 
4L 
40298 
68 
4L 
68 
98 
4L 
40308 
6A 
31 
6A 
9A 
31 
40318 
68 
4L 
68 
98 
4L 
40348 
6N 
4M 
6N 
9N 
4M 
40358 
68 
4L 
68 
98 
4L 
40408 
68 
4L 
68 
98 
4L 
40418 
6A 
31 
6A 
9A 
31 
40428 
68 
4L 
68 
98 
4L 
40438 
68 
4L 
68 
98 
4L 
40448 
68 
4L 
68 
98 
4L 
40458 
68 
4L 
68 
98 
4L 
40468 
68 
4L 
68 
98 
4L 
40478 
6A 
31 
6A 
9A 
31 
40498 
68 
4L 
68 
98 
4L 
40508 
68 
4L 
68 
98 
4L 
40518 
68 
4L 
68 
98 
4L 
40528 
68 
4L 
68 
98 
4L 
40538 
68 
4L 
68 
98 
4L 
40668 
6A 
31 
6A 
9A 
31 
40678 
6N 
4M 
6N 
9N 
4M 
40688 
6A 
31 
6A 
9A 
31 
4069U8 
) 
6A 
31 
6A 
9A 
31 
40708 
6A 
31 
6A 
9A 
31 
40718 
6A 
31 
6A 
9A 
31 
40728 
6A 
31 
6A 
9A 
31 
40738 
6A 
31 
6A 
: 
9A 
31 
40758 
6A 
31 
6A 
9A 
31 
40768 
68 
4L 
68 
98 
4L 
40778 
6A 
31 
6A 
9A 
31 
40788 
6A 
31 
6A 
9A 
31 
40818 
6A 
31 
6A 
9A 
31 
40828 
6A 
31 
6A 
9A 
31 
40858 
I 
6A 
31 
6A 
9A 
31 
40868 
L 


6A 
31 
6A 
9A 
31 
40938 
6A 
31 
6A 
9A 
31 


----=l 


MILITARY (M) 
COMME RCIAL (C)/INDUSTRIAL 
_55°C to +125°C 
-40°C to +85°C 
FLATPAK 
(F)-.- 
PLASTIC 
FLATPAK 
(F) 
DEVICE 
CERAMIC 
CERAMIC 
DIP (D) 
DIP (D) 
DIP (P) 
- 


4104B 
6B 
4L 
6B 
9B 
4L 


4510B 
6B 
4L 
6B 
9B 
4L 
4511B 
6B 
4L 
6B 
9B 
4L 
4512B 
6B 
4L 
6B 
9B 
4L 
4514B 
6N 
4M 
6N 
9N 
4M 


4515B 
6N 
4M 
6N 
9N 
4M 
4516B 
6B 
4L 
6B 
9B 
4L 
4518B 
6B 
4L 
6B 
9B 
4L 
4519B 
6B 
4L 
6B 
9B 
4L 
4520B 
6B 
4L 
6B 
9B 
I 
4L 
4521B 
6B 
4L 
6B 
9B 
4L 
4522B 
6B 
4L 
6B 
9B 
4L 
4526B 
6B 
4L 
6B 
9B 
-4L 


4527B 
6B 
4L 
6B 
9B 
4L 
4528B 
6B 
4L 
6B 
9B 
4L 
4531B 
6B 
4L 
6B 
9B 
4L 
4532B 
6B 
4L 
6B 
I 
9B 
4L 
4534B 
6N 
4M 
6N 
9N 
4M 


4538B 
6B 
4L 
6B 
9B 
4L 
4539B 
6B 
4L 
6B 
9B 
4L 
4543B 
6B 
4L 
6B 
9B 
4L 
4553B 
6B 
4L 
6B 
9B 
4L 
4555B 
6B 
4L 
6B 
9B 
4L 
4556B 
6B 
4L 
6B 
9B 
4L 
4557B 
6B 
4L 
6B 
9B 
4L 
4560B 
6B 
4L 
6B 
9B 
4L 
4561B 
6A 
31 
6A 
9A 
31 
4566B 
6B 
4L 
6B 
9B 
4L 


4581B 
6N 
4M 
6N 
9N 
4M 


4582B 
6B 
4L 
6B 
9B 
4L 
4583B 
6B 
4L 
6B 
9B 
4L 
4702B 
6B 
4L 
6B 
9B 
4L 
4703B 
60 
4M 
60 
9U 
4M 


4704B 
60 
4M 
60 
9U 
4M 
4705B 
60 
4M 
60 
9U 
4M 
4706B 
60 
4M 
60 
9U 
4M 


4707B 
60 
4M 
60 
9U 
4M 


4708B 
61 
61 
8P 
4710B 
70 
70 
9M 


4720B 
7B 
4L 
7B 
9B 
4L 
4721B 
6V,71 
4M 
6V,71 
4K 
4M 


4722B 
6B 
4L 
6B 
9B 
4L 
4723B 
6B 
4L 
6B 
9B 
4L 
4724B 
6B 
4L 
6B 
9B 
4L 
4725B 
6B 
4L 
6B 
9B 
4L 
4727B 
6A 
31 
6A 


I 


9A 
31 
4731B 
6A 
4L 
6A 
9A 
4L 
4734B 
70 
70 
9M 


4735B 
6N,60 
4M 
6N,60 
9N,9U 
4M 
4736B 
6B 
4L 
6B 
9B 
4L 
4737B 
6A 
31 
6A 
9A 
31 
4741B 
6B 
4L 
6B 
9B 
4L 
• 


MILITARY {MI 
COMMERCIAL 
(C)/INDUSTRIAL 


-55°C to +125°C 
_40°C to +85°C 
DEVICE 
CERAMIC 
FLATPAK 
(F) 
CERAMJC 
PLASTIC 
FLATPAK 
(F) 
DIP (D) 
DIP (0) 
DIP (P) 
400148 
6A 
31 
6A 
9A 
31 
40085B 
6B 
4L 
6B 
9B 
4L 
40097B 
68 
4L 
6B 
9B 
4L 
40098B 
6B 
4L 
6B 
9B 
4L 
40160B 
6B 
4L 
6B 
9B 
4L 
40161B 
6B 
4L 
6B 
9B 
4L 
40162B 
6B 
4L 
6B 
9B 
4L 
40163B 
6B 
4L 
6B 
9B 
4L 
40174B 
6B 
4L 
6B 
9B 
4L 
40175B 
6B 
4L 
6B 
9B 
4L 
40192B 
6B 
4L 
6B 
9B 
4L 
40193B 
6B 
4L 
6B 
9B 
4L 
40194B 
6B 


I 


4L 
6B 
9B 
4L 
40195B 
6B 
4L 
6B 
9B 
4L 


Matrix 
VI is a full spectrum/cost 
effective 
reliability 
and quality 
program 
for commercial/industrial 
ICs only. 
It features 
six levels of screening/package 
flows, 
each tailored 
to a user's field application/environment 
and his incoming 
quality/ 


equipment 
reliability 
requirements. 


A Matrix VI part number consists of the device type followed 
by the package code letter, the temperature 
range code letter, 
and the Matrix 
VI code letter (as applicable, 
see flow 
chart). 


o 
C 
X 
X 


~ 


Temperature 
Range Code ("C" for -40°C 
to +85°C operation) 


Package Code ("0" for ceramic 
DIP, "P" for plastic 
molded DIP, and "F" for Flatpak) 


EXAMPLES 


(a) 
4001BPC 


(b) 
4001BPCOM 


(c) 
4001BDC 


(d) 
4001BDC0M 


(e) 
4001BPCQR 


(f) 
4001BDCQR 


Device type 
4001 B, packaged in plastic 
Dual In-line 
(P). in commercial 
temperature 
range (C) 


and processed to Matrix VI LevelL 
• 


Device type 
4001B, 
packaged in plastic Dual 
In-line 
(P), in commercial 
temperature 
range (C) 
with 
supplemental 
Matrix 
VI 
Level 2 testing including 
100% thermal 
shock, "hot 
rail" 
test and 
0.15% AQL function'al 
testing. 


Device type 
4001 B, packaged in ceramic Dual In-line (D), in commercial 
temperature 
range and 
processed to Mavix 
VI Level 3. 


Device type 4001B, packaged in ceramic Dual In-line, 
in commercial 
temperature 
range (C) with 
supplemental 
Matrix 
VI 
Level 4 screening including 
second 
100% DC/functional 
testing 
and 
0.15% AQL functional 
testing. 


Device type 
4001 B, pa-ckaged in D~al In-line, in commercial 
temperature 
range (C) with 
supple- 
mental 
Matrix 
VI 
Level 5 screening including 
100% thermal 
shock, "hot 
rail" 
test, 
168 hours 
125°C burn-in and 0.15%.AQL 
functional 
testil'1g. 
. 


.Device type 
4001 B, pa'ckaged in ceramic 
Dual 
In-line, 
in commercial- temperature 
range with 


supplemen'tal Matrix 
VI'Level 
6 screening including 
burn-in, 
three 100% DC/functional 
tests and 
0.15% AQL functional 
testing. 
. 


I 
'_OO_'_O_PE_R_A_T_'_O_N 
__ I 


Irr\~{ QA SAMPLE 
.. :.;fur:1 


THERMAL 
SHOCK 
LlOUIDTO·lI0UID 
o CTO"'100 
C 
8831011 
A 


1 
PDA 
LOT 
REJECTION 


CRITERIA 
APPLIED 
TO 


LOTS 
EXHIBITING 
MORE 


THAN 
1 
INTERMITTENTS 


THROUGH 
HOT 
RA!L 
TEST 


QA ACCEI'H\NC:E 
FUNCTIONAL 
~25 C. 
o 15 
AOL. 
DC 
40 
C 


1 
AQL. 
DC, -25 
C 


025 
AOL. 
DC. -85 
C. 


1 
AOL. 
AC, 
-25 
C. 1 
AGL 


FINE 
LEAK, 
883/1014/8. 
1 
AOL, 
GROSS 
LEAK. 
883 
1014/C, 
0 4°" AOL. 


FUNCTIONAL, 
'25 
C. 


015 
AOL. 
DC. 
40 
C, 


l' 
AOL. 
DC, '25 
C. 


025'.AOL, 
,85 C.1"., 


AOL. 
AC. 
;25 
1"· AOL 


QUALITY 
GUARANTFF 


ON FUNCTIONALIT 
Y 
028 
AOL 


COST SEQUENCE 
1 


RELIABILITY 
FACTOR 


'X 


QUALITY 
GUAHANTF( 
ON FUNCTIONALITY 


o 15 
AOL 
CQST SEOUENCE 
'} 
FELIARIL1TY 
FACIOn 


14X 


OlJALI 
ry 
(iUAHAN 
TT I 


ON rUNCTlONJ\Lll 
Y 


0') 
AOL 


eos I SEOUtNCE 
J 
HFlIJ\Blt!TY 
f-J\CTOfl 


7X 


<HIJ\lll 
Y (,LJAHANIII 


(IN 
~lJNClt(lNAII!Y 


o I ~J 
AUl 


('liS 
I Sl OlH 
NCl 
Ij 
Hllll\!tlll'" 
f ACInI; 
2.3X 


T"''if RMAl 
~HorK 


lIQI)ID 
TO liQuID 


) r TO ·100 r 
8&1 
11)11 
A 


1 
POA. ,01 
Rt.t 
1 lll\ 


dilft 
~IA. APPl 'r ~l 'll 


,1,lT •...•t \HIAIII~\,J 
\t1lHil 


lHAf'I.' 
11\l! f~"",1 q f'I.':-' 


I ••H{II I," 
'1( I' 
;~.l.I, Tf,,' 


::::::::::::::::.:::::::::::::::::::.::::::::::::::.:.'. 


QA ACCEPT ANCE 
FUNCTIO\lAL 
.. 
25 
C 


015 
AOL. 
DC. 
40 
C 


1 
AOL 
DC. 
'25 
C 


025' 
AuL, 
DC. ·85 
C 


1 
AOL 
AC. 
'25 
(' 
1 
AGL 


QUALI!" 
(,LJ,\HN\JII 
r 


,IN 
I UNCII\V'IJAlII 
•.•. 


o Ir, 
,\(}L 
ens' 
~;fOLJF NCf 
~l 
IH ll;\HIlll" 
f-;Wj:IH 


I ~,x 
~)o;. ,Sf[ 
NIH!. 


QA ACCEPT ANCE 
FINE 
LEAK 
8831014 
A 


1 
AOL 
GROSS 
:...!:Ak.. 


883 1014 C, 04 
..\OL 


FUNCTIONAL 
-:'5 
C 


o 15 
AOL 
DC 
40 
C 


1 
AOL 
DC 
-7:; 
C 


025 
AQL 
DC 
- 85 
C 
1 
AQL, 
AC 
·25 
C 
1 
.l.OL 


OUAlIn 
(,iUAHANTEE 
ON 
FuNC 
r1l)N,\L1T'r 


015 
AQL 


COST 
SEOUFNCE 
-I 
RFllAHILIT'r 
fACTO""' 


14X 


Note: 
Burn-In 
has the same relative 
effectiveness 
for 
plastiC molded 
deVices as for ceramic/hermetic 
nackaged deVices Assuming a controllpc! 
(air conditioned 
and constant 
power) 
field 


appllcaticn/envlronment, 
the reliability 
factor would 
be approximately 
9X. But should tlw 
field am)llc.Hlon 
l>t' In a lesscontrolled 
ilnd powt>r ON/OFF 
application, 
the reliability 
factor would 
he approximately 
7.5X 
• 


UNIQUE 38510 
PROGRAM ORDERING INFORMATION 


The Fail child 
Unique 38510 
Program is written 
in accordance with 
M IL·M·3851O and M IL·STD·883 


To 
meet 
the 
need 
of 
improved 
reliability 
in 
the 
military 
market, 
CMOS 
Integrated 
Circuits 
are available 
with 
special 


processing. 
Devices ordered 
to this program 
ale subjected 
to the 100% screening as outlined 
in the Process. Devices will 
be 


marked 
in accordance with 
unique 38510 unless otherwise 
specified 
under number Option 
6. 


la) 
Fairchild 
Product 
Code indicating 
the basic device type and package combination. 


Ib) 
The Unique 
38510 Device Class. (A, B', 
B, C) 


lei 
Number 
and/or 
Letter 
Options 
required. 


Id) 
Special Marking 
requirements. 


DEVICE 
TYPE 
PACKAGE 
TYPE 


D 
CERAMIC 
DIP 


P 
PLASTIC 
DIP 


F 
CERAMIC 
FLAT 


TEMPERATURE 
RANGE 


C 
_40uC 
TO +85°C(59X) 


M ~ 
-55"C 
TO +125"C(51 
Xl 


DESIGNATES 
UNIQUE 
38510 PROCESSING 
IF 


REQUIRED. 
SEE DESCRIPTION 
OF SCREENING 


REQUIREMENTS 


4029BFMQB 


Class OB Unique 38510 
4007UBDMOC 


Class QC Unique 
38510 


OPTION 
1 


OPTION 
2 


OPTION 
3 


OPTION 
4 


OPTION 
5 


OPTION 
6 


OPTION 
7 


Lead form 
to dimensions 
in detail specifications, 
followed 
by hermetic 
seal tests. 


Hot solder dip finish. 


Read and record critical 
parameters before and after burn·in. 


Initial 
qualification, 
Group B, C & D quality 
conformance 
not required. 


Radiographic 
inspection 
shall be perf?rmed 
on all devices. 


Special marking 
required. 


Non·conforming 
variation 
- 
refer to procurement 
documents 
for details (must be negotiated 
with 
factory). 


OPTION 
A 


OPTION 
B 


OPTION 
C 


OPTION 
D 


Group C testing shall be performed 
on customer's 
parts. 


Group D testing shall be performed 
on customer's 
parts. 


Generic data to be supplied 
from 
the latest completed 
lot. 


Unique 38510 program 
plan, pertinent 
to the device family 
being purchased, shall be supplied. 


PROCESS SCREENING 
REQUIREMENTS 


Condo A - 
Class QA 


Condo B - 
Other 
Classes 


Devices 
are 
hermetically 
sealed 
for 
compliance 
to 
MI L-STD-883 


requ irements 


Condo B Fine-Radiflo 
5xl0-8ccfsec 


Condo C2 Gross-FC78 
with 
pressure 
1O-5ccfsec 


Per 
detailed 
drawing 
to 
remove 
rejects 
prior 
to 
submission 
to 
burn-in 


screen 


!Jroup 
A: 
Electrical 
Characteristics 


Group 
B: 
Physical 
Dimensions, 
marking 
permanence, 
bond 
strength, 


soIderabi lity 


Group 
C: 
Die Related 
Tests 


Group 
D: 
Packaged 
Related 
Tests 


3X, 
20X 
magnification: 
Verify 
dimensions, 
configuration, 
lead structure, 


marking 
and workmanship 
• 


1-------_-_-_-_~-~_-_-_~~~_- 
·~_------U-N-IQ-U-E-3_8_5_10 
NOTE 
2 


---------------- 


PRESEAL 
VISUAL 


20102 
A 


I 


BAKE 
100SC 
24 HRS 


I 


TEMP CYCLE 


1010C 


I 


CENTRI 
FUGE 


2001E 
Y10NLY 


I 


HERMETICITY 
100% 


FINE: 
1014 


GROSS: 
1014C-2 


I 


PRE B/I ELECT 
PER APPLICABLE 


SPEC. 


• 


CLASS 
08' 


INOTE 
11 


PRESEAL 
VISUAL 


2010.2/B 


I 


BAKE 
100BC 


24 HRS 


I 


TEMP. 
CYCLE 


1010C 


I 


CENTRIFUGE 


2001E 
Y10NLY 


I 


HERMETICITY 
100% 


FINE: 
1014 
GROSS: 
1014C-2 


I 


OPTIONAL 
PRE B/I ELECT 


PER APPLICABLE 
SPEC . 


+ 


PRESEAL 
VISUAL 
20102 
8 


I 


8AKE 
100BC 


24 HRS 


I 


TEMP CYCLE 
1010C 


I 


CENTRI 
FUGE 


2001E 


Y10NLY 


I 


HERMETICITY 


100% 


FINE: 
1014 


GROSS: 
1014C-2 


I 


OPTIONAL 
PRE B/I 
ELECT 


PER APPLICABLE 
SPEC. 


+ 


PRESEAL 
VISUAL 


20102'6 


BAKE 
100SC 


24 HRS 


TEMP CYCLE 


1010C 


CENTRIFUGE 


2001E 


Y1 ONLY 


HERMETICITY 
SAMPLE 
FINE 
1014/1% 
AQL 


GROSS: 
1014C-2/0.4% 
AQL 


BURN·IN 
1015/A 
240 HRS. 


NOTE 4 


I 


ELECTRICAL 
TESTS 
PER APPLICABLE 


SPEC. 


I 


HERMETICITY 


100% 


FINE. 
1014 


GROSS 
1014C-2 


I 


FINAL 
ELECT. 
TEST 
25 C DC AND 
FUNCTIONAL 


125 
C DC AND 
FUNCTIONAL 


-55 
C DC AND 
FUNCTIONAL 


25 C AC 


PER APPLICABLE 
SPECS. 


I 


X-RAY 
2012 


I 


QUALII 
Y 
CONFORMANCE 
5005/GP 
A. B. C & D 
NOTE 
3 


I 


EXTERNAL 
VISUAL 


100% 
2009 


BURN·IN 


1015A 


160 HRS. 
NOTE 
4 


POST Bfl 
ELECT 


25 C DC AND 
FUNCTIONAL 
125 
C DC AND 
FUNCTIONAL 


-55 
C DC AND 
FUNCTIONAL 


25 C AC 
PER APPLICABLE 
SPECS. 


QUALITY 
CONFORMANCE 
5005/GP 
A, B C & D 
NOTE 
3 


EXTERNAL 
VISUAL 


100"" 
2009 


BURN-IN 


1015/A 


160 HRS. 
NOTE 
4 


POST B/I ELECT 
25 C DC 
25 C FUNCTIONAL 
PER APPLICABLE 
SPECS. 


QUALITY 
CONFORMANCE 


5005/GP 
A. B. C & D 
NOTE 
3 


EXTERNAL 
VISUAL 


100"., 
2009 


ELECTRICAL 
25 
C DC 
25 
C FUNCTIONAL 


PER APPLICABLE 
SPECS 


QUALITY 
CONFORMANCE 
5005 
GP A 


EXTERNAL 
VISUAL 
SAMPLE 
2009 


Notes. 
1. 
Upon customer 
request only. 
Class B procesSing In this case mciurles 
Jddlnq 
post burn-Ill 
testlllq, 
de leSlltlg at 1125 
C .11)(1 
55 
C and de tt'SlllHI 
2. 
Unique 
38510 
1$ written 
around 
the 
MIL-M-38510 
rp.qulrements 
with 
a fpw 
modlflciJtIC'IlS 
to Mf'thod 
5005 
,,) 
tl1"1 
100" .. rlc 
tl'SlltH} 
ill 
tilt' 
It'lnpprature 
extremes 
and 
100"" 
ae testing 
at 
25 
C IS not done 
and Unique 
38510 
OS 
has some 
burn In logistics 
ddferl'nces. 


3. 
Qualification 
testing per groups B, C and 0 on a customer's 
parts require additional 
lot charges ilnd 
till addpd 
IllltllmUm 
of two months 
to tlH' schedules deliveries. 


4. 
Any 
burn-In condition 
other 
than MTD 
1015 
ConditIon 
A 
IS at customer 
reqlH~st only 
• 


JEDEC 
TO-86 
Outline 
14-Pln .cerpak 


, 


.050 (1 270· 


TVP 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are alloy 42 
Package weight 
is 0.26 gram 
Pin 1 orientation 
may be either tab or dot 


I· 
16 
I 
- 
.05 
11.27 
TVP 


I 
I 
f- 


8 
91= 


r 


001I 


409 (10.3891 
371 19.4231 


.0'910.483 
IJ 
.0'510.381 
TVP. 
--L- 
-r-h 350 
I 
I 
350 


182:~rl 
1182:~1 
16.3501 
16.3501 
.075 11.9051 
.00610.1521 
TVP. 
TVP. 
.06011.5241 
oo~~==============~~ 
t 
I 
.283171881 
I 
.02410.610) 


j--.247 
16.27411 
TVP. 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are alloy 42 
Package weight 
is 0.4 gram 
Hermetically 
sealed beryllia 
package 


TE'~~~:jr 


.••",." . I I· Jh 
. I ~ 
.130<330' 
,04S1114l---j ri 
----, 


020(051) 
01610'11 


'00"°"'1 
~ 


NOM 
0215081 
.16514191 
0201051) 
MIN 


.15513941 
MIN 
_-.-l... 
r::~:~~TI~Rl1t 
.."-~=-;,; 
<0" 
:c 
~rPL..••NE !- 
--t- 
009 (Q l3) 


: 
L06S116Sl 
I 
151511308) 
~~:~:;: 
I 
TYP 
t*--r- 
M .•••X 
110(279) 
.037 (09.1 


'090(229) 
.02710691 


. 
TYP. 
ST:~~FF 


NOTES: 
Pins are tin-plated 
42 alloy 
Package 
material 
is plastic 
Pins are intended 
for insertion 
in hole rows 
on 400 (10.16) centers. 
They are purposely 
shipped 
with "positive" 
misalignment 
to facilitate 
insertion . 


.05011.2701 
L_ 
T- 
~~§l 
22 
2' 
20 


19 
1156~~81 
'8 
MAX 
'7 
16 
'5'4 
'3 


~.350 
(8.8901 


.250 (6.3501.090 (22861 
.06511.6511 
I 


..L 
f 
.0'9 (.4831 
.0'5 (.3811 
TVP 


j 
.0061.152) 
.004 
(.102) 
I 
I 


I 
.395110.0331--1 
f--.365 (9.271I 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are alloy 42 
Package weight 
is 0.8 gram 
Hermetically 
sealed beryllia 
package 


In accordance 
with 
JEDEC 
(TO-116) 
outline 
14-Pln Ceramic Dual In-Line 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are intended for insertion 
in hole rows 
on .300" (7.620) centers 
They are purposely 
shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 
your practice for .020" (0.508) diameter pin 
Pins are alloy 42 
Package weight 
is 2.0 grams 


I- 
785119 9391-----J 


7554191 


711 


1\. 
1\ 
,.111 


*[:::::t~'·"" 


oJ 
~ 
~:~:: 
~;~: 


T 
200 
150801 


MAX 


t 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are intended 
for insertion 
in hole rows 
on .300" (7.620) centers 
They are purposely 
shipped with "positive" 
misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 
your practice for .020 inch (0.508) 
diameter 
pin 
Pins are alloy 42 
Package weight 
is 2.0 grams 
·The .037/.027 (,940/.686) 
dimensions 
does 
not apply to the corner pins 


40-Pln Dual In-Line 
Side Brazed, Large Cavity 


r- 
2.020iS1J08J 
----j 


Inrr- 
1.9801502921-- narrnnl 
-r--zo 
1 


.690(14986) 
.165(14351)L" 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pin material nickel gold-plated 
kovar 
Cap is kovar 
Base is ceramic 
Package weight 
is 6.5 grams 
• 


24-Pln 
Ceramic 
Dual In-LIne 


1.290 
(32 7661 
t--,·235(313691-- 
...., 


'D' 
, 


.570114 
4781 


.S1S 1130811 


I 
13 
2. 


.06511651' 
.045 t1 143' 
":~:." 
I::::::::~ 


I-- 
.065 (1651) 
I I 


•. 
.045 (1 143) 
~ 
,- 


190 
(4 82GJ 


'40 
(3 5561 
• 


.020 (0508) 


MIN 


l SEATING 
t PLANE 


.037 
__ .H~__ 
.020 
(.508) 


(940) 
.0161.406) 
.027 
(686) 


STANDOFF 
WIDTH 


.400 


(101601 


~t-4H!\ 
.009 


I 
(.229) 
I 
1--.500 ---i 


(12.700) 


MAX 
. 


.063115441 


~~-.--M-jjjjj~·O'\'06~:~'TING 


~~[[ 
1 
PLANE 


I 


.20015080' 
-I 
I- 
.., L·OJ710940'-l~.020t05061 


.10012540' 
J 
1-.02710686' 
.016104061 
.110127941 
STANDOFF 


.090 122861 
WIDTH 
TYP. 


1 


135 (3 429) 
115 (2 921) ., 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are intended for insertion 
in hole rows 
on .600" (15.24) centers 
They are purposely 
shipped with "positive" 
misalignment 
to facilitate 
insertion 
Pins are alloy 42 
Package weight is 6.5 grams 
Package material is alumina 


NOTES: 
All dimensions 
in inches (bold) 
and 
millimeters 
(parentheses) 
Pins are intended for insertion 
in hole rows 
on .400" (10.16) centers 
They are purposely 
shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 
your practice for .020 inch (0.50S) 
diameter 
pin 
Pins are alloy 42 


1 


-----,.010 
126 924' 


,.0I0127.686l~ 


1" 
1 


.310 (9.6521 
••• 
(9.2461L,. 


NOTES: 
All dimensions 
in inches (bold) and 
millimeters 
(parentheses) 
Pins are tin-plated 
42 alloy 
Package material is alumina 
Pins are intended for insertion 
in hole 
rows on .400 (10.160) centers 
They are purposely 
shipped 
with "positive 
misalignment 
to facilitate 
insertion. 
Package weight is 6.0 grams 


.110 (4826)e 
.150 13[J8101 l 
MIN . 
.'00 
I'. 
TYP. 


lO~~ Jloo.~"J 


'TAHDOFF 
TYP. 


WIDTH 


.420 110 668l 
___j - 
~"U'.) 
II'N. 
II 
] 1-1 


---l SEATING 
-. 


, 
PlANE 
__ 
:~ :g'~~: 


...•I11~ L.515113.08uJ 
0.2510.6351 
MAX. 


~ 
785(199391. 
--1 


755(191771 
II 


:::::::1: : : : : : : :t.:~~""" 


--l ~ 065 (16511 


04511 
1431 


I 


219tS 
5621 


170"[ 


165 
(2 959) 


100 
(2 540) 


.045 (1143) 


~ll-' 
015(0381) 
I 


~ 
~ 
020 (0 508) ~ 
37519 5251--l 


037109391" 
016(0406) 
NOM 
. 


027106851 
STANDOFF 


WIDTH 


NOTES: 
All dimensions 
in inches (bOld) and 
millimeters 
(parentheses) 


Pins are intended for insertion 
in hole rows 
on .300" (7.620) centers 
They are purposely shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 


your practice for .020 inch (0.508) 
diameter pin 
Pins are alloy 42 
Package weight is 2.2 grams 
"The .037/.027 L940/.686) 
dimension 
does 
not apply to the corner pins 


291 


17 3911 


265 


l6731) 


219 


(55631 
170 


[43181 


310 


17 874) 


290 


P 3661 


165 


(41911 


100 


125401 


"f'fff- 'fff-R 0~~~0508' 
- 
I SEATING 


1 
l' 
~ 
1 
1 
0~:~~:31 


,,0 
- 
- 
O'S! 3811 


_ 
(2 794) 
037 
0 
I 940) 
__ 
020 
I SOS) 
_ 


090 
027(686) 
016(4061 
(22861 
STANDOFF 
TVP 
WIDTH 


NOTES: 
All dimensions 
in inches (bold) and 


millimeters 
(parentheses) 


Pins are intended for insertion 
in hole rows 
on .300" (7.620) centers 


They are purposely shipped with "positive" 


misalignment 
to facilitate 
insertion 


Board-drilling 
dimensions 
should equal 


your practice for .020 inch (0.508) 
diameter pin 
Pins are alloy 42 


22-Pin Dual In-Line 
(Metal Cap) 


1.080 


r(27432)~ 


11D 'J,5711 


410 


(10414) 


12 
22~ 
L .435 J 
.050 


(11.049) 
(1270) 


~l 


~ 
(002~4) 


.038 


10,9651 
LL 
.125' ~l,- 


(3.1751_\ 
__ 


NOTES: 
All dimensions 
in inches (bold I and 
millimeters 
(pa'entheses) 


Pins are intended for insersion in hole 


rows on .400" (10.16) centers 
They are purposely shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal your 
practice for .020" (0,51> diameter pin 


Pins are gold-plated 
Kovar 


Cap is Kovar 
Base is ceramic 
Package weight is 4 grams 


• 


I 
,:i~ 
I 


"'Er::::::::::::}'~: 


NOTES: 
All dimensions 
in inches (bold) and 
millimeters 
(parentheses) 
Pins are alloy 42 
Package material is plastic 
Pins are intended for insertion 
in hole rows 
on .600" (15.24) centers 
They are purposely shipped with "positive" 
misalignment 
to facilitate 
insertion 


025(64) 
020(51~1. 


..• 
.760(1931 
_ 
~ 
f 
7404188) 
30~ 
vtI 
012C30. 


, ~::: 
), 
.... ,"~©~'OOO:::~~7" 
260 
\6 6) 
() 
0 OJS 
cO89V 
090 
(2 29) 


240(61. 
..~ 
050(121, 


, 
8 
~~ 
_ 
,..- 
gg~~:~~: 
_'404011021 


... ~;g:~~~:.. g~g:~~: 


2~;X""Mi l\mW' 
"0~~~30J9"' 
-,: 
SEATING, 
'. 


PlANE150 
13 ell 
i 
011 
C281 


100(2541 
•... 
009123, 


I 
• 


110(2791"" 
•.. 


09012291 
037(94) 


TVP 
027(69) 


STANDOFF 


WIDTH 


NOTES: 
All dimensions 
in inches (bOld) and 
millimeters 
(parantheses) 
Pins are intended for insertion 
in hole rows 
on .300" (7.620) centers 


They are purposely shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 
your practice for .020 inch (0.508) 
diameter pin 
Pins are alloy 42 
Package weight is 0.9 gram 
Package material is silicone 


025106351 


020105081~ 
7&0 
(19 
3041 


740 
t18 
796) 
- 
](10 
012 
(0305) 


.008 
(0203) 
:~:=b::::]+:~""~.§f:§ 


300 17 6201 
020 to 508} 


- 
29017 
366) 
- 
.010 
CO2&41 
.WW1Im 
.015 F\'' 


200(5080, 
(0381) 
I 


MAX 
NOM. 
~:~;i 
I 
: 


071 
, 
~ 


150 IJ 8101 
~oj; 
020 to 5081 
375 NOM. 
:g ~~:: 
'00(25401-- 
- 
090 
- 
- .027 -- 
.01510406, 
19525} 


12 7941 
109401 
12 2861 
to 686! 
STANDOFF 


WIDTH 


NOTES: 
All dimensions 
in inches (bold) and 


millimeters 
(parentheses) 
Pins are alloy 42 
Pins are intended for insertion 
in hole rows 
on .300" (7.620) centers 


They are purposely shipped with "positive" 


misalignment 
to facilitate 
insertion 
Board-drilling 
dimensions 
should equal 
your practice for .020 inch (0.508) 
diameter pin 
···The 
.037/.027 t940/.686) 
dimension 
does not apply to the corner pins 
Package weight is 0.9 gram 


083,21081 
310 (7 87.1 


.• 
200 
•.. 
073118~1 
_ 
2~1172~~6'- 


150801 
030 
085 
2.1 


(762)'2159) 
.• 
(5867)'" 


020 
075 
231 


(508}(19051 


.1.9(3i78.~- 
~: 


.139i353H 
l 
SEATIf(G 


.O~O 
1251; 
~NE 


(508) 
MIN., 


MIN. 


,1)60 11 270)'" 


NOTES: 
All dimensions in inches (bold) and 
millimeters (parentheses) 


Pins are intended for insertion in hole rows 
on .300" (7.620) centers 


They are purposely shipped with "positive" 


misalignment to facilitate insertion 
Board-drilling 
dimensions should equal 


your practice for .020 inch (0.508) 
diameter pin 


Pins are alloy 42 


Yffffffff!H 


121941 


110 
090 


12286. 


037 19401 
020 ( 5081 


- 027 16861 - - 
01614061 


STANDOFF 
WIDTH 


NOTES: 
All dimensions in inches (bold) and 
millimeters (parentheses) 
Pins are intended for insertion in hole rows 
on .600" (15.24) centers 


They are purposely shipped with "positive" 


misalignment to facilitate insertion 
Board-drilling 
dimensions should equal 
your practice for .020 Inch (0.508) 
diameter pin 


Pins are alloy 42 


1-- 
1.200(30480) 
- l 
I 
MAX. 


'~f'-I:::::::J 


.065(1651) 
I 


_..•. 
04511143) 
-- 


165 (41911 
.145 (3 683) 


j 
~'020105081 
MIN 


, 
SEATING 


I I 
l 
PLANE 


.400 
r 
(10'60, j 
II 
NOM. 


.13513429) 
. 
110 
037(940) 
.020(508) 


.115(2921) 
-1 
1""'12794)- -.027(6861 
-- 
.01614061 


.090 
STANDOFF 


(2 2861 
WIDTH 


NOTES: 
All dimensions in inches (bold) and 
millimeters (parentheses) 


PinS are intended for insertion in hole rows 
on .400" (10.16) centers 


They are purposely shipped with "positive" 


misalignment to facilitate insertion 
Board-drilling 
dimensions should equal 


your practice for .020 Inch (0.508) 
diameter pin 
Pins are alloy 42 
• 


